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PEEFACE TO FIRST EDITION. 



Thb Author has written the series of articles, now presented in book 
fomi, for users rather than for makers and students of! pumping 
machinery. He has therefore considered the leading types of pumps 
and pimiping engines as usei*s receive them, or should receive them — 
i.e., in the finished state. But such particulars are given concerning 
constiniction and capabilities, and as far as possible of results actually 
obtained, as will, it is hoped, be of assistance to engineers, manu- 
facturers, and others, in the difficult task of making the best selection 
for their service from the many proposals they may have before them. 

The earlier chapters deal with matters common to all pumps, such 
as the conditions affecting the limit of suction lift, piston or plunger 
speeds, air vessels, pipes and other connections, and with types of 
valves, packings, and other details. 

The Author desires to thank the various makers who have kindly 

supplied blocks, particulars as to tests, or other information concerning 

their machinery. 

£. C. R. M. 

ISf Tempte Street^ 

May Ut, 1902. 



PREFACE TO SECOND EDITION. 



This edition, whilst containing all that appeai*ed in the first edition — 
with but the substitution in some cases of illustrations of later types 
of machines — ^treats also, in the additional Chapters XVI. to XIX., of 
typical examples of present practice in pumping machinery, and of 
the results obtained therewith. 

Recent years have seen great developments in centi'ifugal pumps, 
as a result of which such machines are now available for high-lift 
services hitherto thought quite beyond them. Considerable space 
has accordingly been devoted to the treatment of high -lift 
centrifugal or turbine pumps, and in the appendix there will be found 
a list of recent Patents that have been gi'anted thereon. 

The Author desires to take this further opportunity of heai*tily 

thanking the makers who have been good enough to place blocks and 

particulars at his disposal. 

E. C. R. M. 
13^ Temple Street^ 

Birmingham, 

Jun4:, J907. 
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NOTES ON THE 

CONSTRUCTION AND WORKING OF PUMPS. 



CHAPTER 1. 
Introduction. 



A PUMP maj be defined as a machine hj and through which 
a fluid can. be made to flow against the action of gravitation 
or other opposing foroe. 

With most pumps such flow is brought about by the 
displacing action of a piston or plunger moving within a 
closed vessel provided with suitable inlet and outlet 
passages oontrolled by valves. In some cases we may have 
to deUver a large volume of water against but a small head, 
pressure, or resistance, whilst in others there may be only 
a small volume of wBter to be delivered but a great 
resistance to be pumped against, and it is evident that 
although similar parts are to be found in pumps for these 
and other services, their precise construction, arrangement, 
and relative dimensions must vary with the nature of the 
work to be performed. We will, however, first consider 
certain laws and conditions applicable to the working of 
pumping machinery in general, before proceeding to discuss 
some typical examples in detail. 

Hbiqht of Suction and thb Energy Required to Raise 
Water from a Lower to a Higher Level. 

It has been not uncommon in the past to meet with 
instances where those responsible for the erection of a 
pump have carefully given it an excessive suction lift (in 
spite of the known difficulties involved), because they suffer 

Icp 
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under the delusion that by so doing they are getting & 
certain amount of work for nothing. Every foot of suction, 
they will tell you, means bo much the less head to pump 
agajnat; and it is to be feared that viotiras of the same 
fallaoy are more plentiful than might be espeeted, A little 
thought should make it quite clear that a pump ia not a 
creator of i>ower. 

The adjoining fig. 1 is a sectional sketch diagranj 
representing a eingle-aoting force pump with the plunger 
or bucket A moYing in the direction indicated by the 
arrow a. When the pump is first started tlie preaaure of 
the atmosphere acts equally upon both aidea of the plunger 
A, which is therefore (neq:lecting its weight) in equilibrium. 
But after the plunger has been reciprocated a few times 
within ita barrel or cylinder, the air ia exhausted from 
the auction pipe B, whose lower open or perforated end ia 
below the surface of the water to be raised. Such water, 
therefore, flows up the auction pipe, under the influence of 
tlia atmoapheric pressure on its surface (as indioated by 
the arrows b), and enters the pump barrel or cylinder. 
Now, the normal preaaure of the atmosphere ia \i'l lb. per 
square inch, which will support Si column of water about 
33 ft. high. If, therefore, the height C, when the plunger 
is at the top of its stroke, is 23 ft>., it followa "that of the 
atmoapheric pressure ayailable at the base of the auction 
column 23/33rda is required to balance the euction column 
itaelf, whilat only 10/33rds is available as a bfllaiwiiig force 
on the under side of the plunger against the constant 
atmospheric pressure (equal to about 33 ft. water head) on 
the top of it. Thus, although it ia true that the atmospLere 
rajses the water in the suction pipe, it can only do so by 
neglecting, it we may th\is put it, its proper function of 
balancing the atmospheric pressure on the other side of 
the plunger. It is simply the old story of " robbing Peter 
to pay Paul," for eveiy foot of auction lift menna an extra 
foot for the top or delivery aide of the plunger to work 
againat. 

In every case, then, the work requu-ed to raise water by 
a pump from a lower to a higher level is the same, what^ 
7 bo tlie auction lift. TIius, if a pump is required 
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to deliver 10,000 gallons (100,0001b.) of water per hour 
from a river to a reservoir situated 100 ft. above such river, 
the amount of work to be performed (exclusive of friction) 
is: 

100,000x100=10,000,000 foot pounds per hour. 

10,000,000 „ p 
53000x60 ' * 

= 5-05 H.P. 

A long suction lift is, then, of no advantage as regards 
the expenditure of power necessary to drive the pump. 
And that is not the end of the matter, for such a lift is a 
decided disadvantage, in that it operates or tends to operate 
against the smooth and steady working of the machine. 
With a long suction lift and a quickly moving plunger 
there is a difficulty, unless the pipes are excessively large,, 
in making the incoming water keep up with the movement 
of the plunger within the water cylinder or barrel. Further^ 
the sudden stoppage of the suction column on the reversal 
of movement of the plunger at each stroke end sets up a 
decided hammer action. The longer the suction lift the 
greater the amount of momentum to be taken up; and 
where, therefore, a heavy suction lift is unavoidable, it is 
very desirable, and frequently a necessity, to employ a 
suction chamber, or vacuum chamber, upon the suction 
pipe to relieve the pump itself of the impact. In a 
future article we shall refer to the proper disposition of 
the suction chamber and of other pipe connections and 
fittings. But as an example of the force of the impact or 
hammer action in a suction main, let us here consider the- 
case of a single cylinder pump, .having a plunger 20 in. 
diameter, a stroke of 2 ft., a suction pipe 11 in. diameter, 
with a suction lift of 20 ft., and working at the rate of 
70 strokes a minute. As the area of the water cylinder 
is 314: square inches (or 3*3 times greater than the pipe 
area), it follows that the velocity of the water thfough the 
suction pipe must be 3*3 times greater than ^e plunger 
speed, or 70 X 2 X 3'3 = 462 ft per minute, or 7'7 ft. per 
second. Now, the energy in foot pounds of the moving 



LIMir OF SUCTION UFT. 



fiuction column, like the kinetic energy of any other znoTing 
body, is expressed by the well-known formula : 



AV /.2 

Where W= weight of the body in pounds, 
t;= velocity in feet per second, 
^= accelerating force of gravity, say 32*2 ft. per 
second. 

Taking the quantity of the water (in cubic feet) in the 
suction column simply as the product of the pipe area 
and the height of suction, we have (neglecting any 
horizontal distances) : 

20 X -?^ = 13-2 cubic feet 
144 

= 13-2x6'23 gallons. 
= 13-2 X 6-23x10 lb. 
= 822 lb. 

Therefore, by substituting the figures for the symbolic 
letters in the formula, we have as the energy of our moving 
suction column : 

822 X 7-7 X 7-7 •.« n^ c 4. a 

— = 756-77 foot pounds 



2 X 32-2 

With these figures before us, it is evident that unless 
fiome such provision as a vacuum or suction chamber is 
provided for the absorption of the energy of the suction 
column (as a flywheel absorbs the surplus energy of an 
engine), it will set up a decided hammer action and impose 
a great shock on the pimip at the end of each stroke when 
the flow of water is suddenly arrested. 

Limit op Suction Lift. 

As the pressure at the base of a column, of water about 
2*3 ft. high is just 1 lb. per square inch, it follows that 
under the normal atmospheric pressure of 29'9in. of 
mercury, or 14' 7 lb. per square inch, the 'Qv^Txas^ossx 
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theoretical height to which water can be raised by the 
atmosphere is: 

2*3 X U-7 = 338 ft. 

But for such a suction lift a perfect vacuum, in the pump 
chamber and throughout the suction main is an essential 
condition. Moreover, even if a perfect vacuum were 
obtainable the pump would not work with such a suction 
lift, as there would be no energy available to overcome the 
frictional resistance to the flow of water, and to provide 
that excess of force, beyond what is due to merely balance 
the column, necessary to keep the supply to the water 
chamber equal to the rate of displacement therefrom- 
Satisfactory pumping is sometimes effected imder a suction 
lift of 26 ft., but as a general rule it is advisable not to 
exceed 20 ft. 

It frequently happens that in addition to a heavy vertical 
lift, a pump must be so fixed in relation to the source of 
water that a great horizontal length of suction piping is 
necessitated. In such a case it must be remembered that 
the atmospheric pressure acting on the surface of the water 
to be raised will have to perform the additional work of 
driving such water through the long horizontal portions 
of the suction main, and will therefore be that much the 
less available for balancing the atmospheric pressure acting 
on the delivery side of the plunger. 

When pumping against heavy pressures such as are 
employed in many hydraulic services, it is advisable to 
work without suction lift, making the water to flow into 
the pump chambers under a sufficient head to ensure 
that they shall at all times be fully charged. lu a 
power pump working under a pressure of, say, a ton or 
more per square inch, it is particularly necessary that the 
incoming water shall never lag behind the displacing action 
of the plungers or rams; if it does so, the resulting con- 
cussion will suggest the working of a steam hammer rather 
than a steam pump. 

When pumping hot liquid, it is also necessary to avoid 
suction lift, and thus ensure that the pressure in the upper 
part of the rising or suction main shall not fall below 
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atmosphere. At atmospheric pressure the boiling point 
of water is 212 deg. Fah., but, as is well known, a fall of 
pressure is accompanied by a fall in the boiling point, the 
Latter being as low as 162 deg. Fah. imder a pressure of 
5 lb. absolute, or about J of an atmosphere. With water 
at a high temperature, and with a pump so fixed as to have 
a heavy suction lift, the machine may be run all day 
without raising a drop of water ; the displacing action of 
the pump plimgers simply bring about an evaporation of 
the water in the suction main, and thus steam or vapour 
will be delivered instead of water. 



The Effect of Air in a Pump Chamber. 

It is unnecessary to dwell upon the importance of pre- 
venting access of air to a pump suction main and 
connections, for it is obvious that if air does get in, the 
maximim:! amoimt of water cannot rise through the suction 
main, and the pump will consequently fall short of its 
proper delivery. But in certain types of pumps in which, 
for reasons that will appear later, the capacity of the pump 
chamber is considerably in excess of the displacement of 
each pump stroke, it may happen that the air in such 
chamber will prevent the admission of water from the 
suction main. A reference to the adjoining sectional 
sketch diagram, fig. 2, will perhaps assist in making the 
matter clear. The pump barrel A is fixed centrally within 
the large double-acting pump chamber B, having suction 
valves a a at bottom and delivery valves 6 6 at top. Let 
us assume that after the pump has been working for some 
time delivering water to a tank fixed at a considerable 
height above the pump chamber, it has become necessary 
to make an internal examination of the chamber. For 
that purpose the valve C in the delivery pipe D is closed to 
prevent return of water, and the necessary covers of the 
chamber are then opened. At the conclusion of the 
inspection, and of the repairs, if any, the chamber covers 
are securely jointed, the valve C reopened, and the pimip 
started again. It will probably be found, however, that 
no water will be delivered, because t\ie» ixiW ^t%»®\\^ <^ 
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water in the rising or discharge main or pipe D acting upon 
the valves 6 will keep them closed ag'ainst the air, with 
which, of course, the chamber became charged when ita 
coverH were opened. It follows that the air will not he> 
dislodged, but simply compressed by the reciprocatory 




motion ot the plunger E. In all such caees provifiion fJiould 
be made (in some ench manner as will be explained in a 
future article) for the working of the pump with little or 
no head or pressure upon the delivery valves bb until all 
the air ia expelled from the chamber. 



PISTON SPEEDS. 



CHAPTER II. 

Piston Speeds, 

The speed at which a pump piston or plunger may be safely 
driven varies with the conditions under which it is working. 
For obvious reasons, no user will want to purchase a larger 
pump than is absolutely necessary, and as the capacity of 
the machine (measured by the « mount of water it will 
deliver in a stated time) is directly proportional with the 
speed, it follows that a pump which one maker will offer ag 
having a capacity of, say, 5,000 gallons per hour, may be 
advertised by a less cautious firm as being capable of 
delivering 6,000 gallons in the same time. The difference 
is simply that in the latter case the pump must be run 20 
per cent faster than in the former, and, of course, the steam 
consumption, or the power required to drive it, will be 
increased by a like amount 

Where the total resistance to be pumped against does 
not exceed about 370 ft. water head, or a pressure of 
160 lb. per square inch, a piston speed of 60 ft. per minute 
is good practice for the steady daily working of a steam 
pump. This speed is frequently exceeded, and, under 
certain conditions, with advantage. Many long-stroke 
pumps are working with a plunger speed as high as 200 ft. 
per minute, and large pumping engines have been built 
and are said to have done good service against a low water 
head or pressures when running at 600 ft. per minute 
plunger speed. On the other hand, with hydraulic-pressure 
pumps, a speed of 20 ft. per minute may, in some cases, be 

"quite fast enough, or even too fast, for satisfactory working. 

With a quick-running pump it is very essential to provide 
large valve areas and water passages, and especially so on 

"the suction side, to ensure that the pump barrels shall be 

<3ompletely filled with water at each stroke. 

It must also be remembered that the frictional resistance 

increases very rapidly when the water is propelled through 

"the pipes at a high speed. At velocities 119 to ^bQ>>\\, 7> NX.. 
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per second, or 180 ft. per minute, the frictional resistance is 
simply proportional to the speed, but at higher velocities 
the friction may increase as much as the square of the 
speed, or even at a greater ratio. Thus it is calculated 
that when water is forced through a 4 in. ison pipe at the 
rate of 1 J ft. per second, or 75 ft. per minute, the loss in 
pressure due to friction is less than 1/lOth lb. per square 
inch per 100 ft. length of pipe, whereas at a velocity of 19 ft. 
per second, or 1,140 ft. per minute, the frictional loss will 
rise to rather more than 14 lb. per square inch for every 
100 ft length. 

Pipe Areas. 

When determining the dimensions of the pipe connections 
of a pump, regard must be had to tlie question of friction 
just referred to, and on the suction side we must also 
consider the laws relating to falling bodies. It is especially 
essential to consider the relationship between the velocity 
of the moving body and the height from which it has fallen 
to acquire such velocity. The said relationship is expressed 
by the formula — 

where v = velocity in speed per second, and g = accelerating 
force of gravity, say 32*2. 

It follows, therefore, that the velocity varies as the square 
root of the head, and that the theoretical velocity of water 
under any given head can be thus expressed — 

Velocity in feet per second = J head in feet x 2g. 

As an example, let us refer to the sketch diagram, fig. 3. 
A represents a closed vessel in which we have a vacuum of, 
say, 26 in. of mercury, which is equivalent to a presstffe 
represented by 28*7 ft. of water head or 12^ lb. per square 
inch below atmosphere, or 2*2 lb. absolute pressure. Let 
the vessel A be connected by a pipe, as shown, with the 
tank B open to atmosphere, and containing water up to 
the level of the base of A. It will be readily understood 
tAat the unbalanced pressure on the under or pipe side of 
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the closed valve C will be that due to a water head of 
28*7 ft., or 12 J lb. per square inch, corresponding with the 
vacuum within the vessel A. On opening the valve C the 
water will flow through it into the vessel A, and if we 
assume that the vacuum is maintained (the water being 
withdrawn immediately it enters A), and that the level in 
the tank B is kept constant by an inflowing stream, then 
the effect, so far as the velocity through the valve is con- 
cerned, will be the same as though the water fell through 
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a pipe from a tank having an internal pressure equal only 
to the pressure within the vessel A, but situated at a height 
of 28*7 ft above the valve. The velocity will therefore be — 

V28-7 X 2 ^r = 43 ft. per second. 

But in a case where the suction valve (or the valve C at 
^g. 3) is 20 ft. above the level of the water to be raised, 
then it will be seen that the unbalanced pressure under the 
valve (with a vacuum of 26 in. of mercury in A) will be only 
28*7 - 20 = 8-7 ft The velocity will thus fall to— 

^/8*7 X 2^ = 23 J ft per second, 

and this will be the theoretical velocity ; the actual 
velocity through the pipes and connections of a pump will 
be considerably reduced by the frlct\onv)\ x^^\^\."\\n&^. ^s\ 
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actual practice, with pumps having piston speeds from 60 ft. 
to 100 ft. per miDute, it ia usnal to employ suction, pipes of 
such dimeiisioua that the velocity of water through the 
same shall not exceed from about 370 ft. to 360 ft per 
minute, or from 4 J ft. to 6 ft per second. Somewhat 
smaller pipes may be employed on the delivery side. 

Ab an example, we give in the table below the pipe sizes 
recommended by the Wortliington Piimp Company 
Limited, for use with theii- well-known regular pattern 
pumpB, which are desigued for general services where the 
steam and wat«r pressure does not exceed 160 lb. per 
square inch. To indicate how much greater muat be tha 
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area of the pipes employed for the conveyance of a liquid 
than that of the pipes conveying a gaseous body, we have 
included in the list the sizes of steam-supply and exhaust 
(pes recommended hy the makers. lu every case it wiU 
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be seen that although the area of the steam cylinders 
exceeds that of the water cylinders (or pump barrels), the 
pipes for the latter use are much larger than those employed 
%t the steam end of the pump. 

In calculating the capacity of Worthington pumi)s (or 
the quantity of water they will deliver in a given time), it 
mast be remembered that the Worthington pump has two 
double-acting water plungers ; its capacity, therefore, is 
twice that of any ordinary or simplex double-acting pump 
of same size, but having only one steam and one water 
cylinder, and four times as large as a single-acting pump. 

Let us consider the first pump given in the list, when 
ranning at sucL a speed as to deliver 34 gallons per minute. 
As each plunger must then make 200 strokes per minute, 
and as the length of stroke is 4 in., or J ft., it follows that 
the piston speed must be — 

IL_ = 66*7 ft. per minute. 

Now, the area of each 2|in. water plunger is 5*93 square 
inches, and the area of the 2 in. suction pipe is 3*14 square 
inches. But though the pump has two water plungers, it 
iias but one suction pipe, and thus the ratio between the 
combined areas of the water plungers and the area of the 
suction pipe will be 2 x 5*93 : 314, or 377 : 1. Tharefore, 
as the piston speed or plunger speed is 66*7 per minute, 
it follows that if the water cylinders are to be kept fully 
charged, the velocity of the water through the suction pipe 
must be not less than 66 7 x 3*77 = 251*5 ft. per minute, 
or nearly 4 J ft. per second. 

In the same manner it will be found that with the fourth 
pump on the list (the 10 x 6 x 10), the velocity of the 
water works out at about 5 J ft. per second, and with the 
last pump on list at about 6 ft. per second. 

It should be noted that as the stated piston speeds 
represent the average in the given unit of time (one minute), 
so also the calculated figures will give the average, and not 
the maximum, velocities of the water through the suction 
pipe in each case. 
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Air Vessels. 

The greater the variation between the maximum and the 
minimum speed of a pump throughout its stroke, the greater 
the necessity for an air vessel on the delivery side to 
equalise the flow of water. In the direct-acting pump the 
speed is fairly uniform throughout each stroke, though a 
slight pause occurs at each reversal of the motion. But 
with a crank and flywheel pump, in which the reciprocatory 
motion of the plunger is obtained from the rotatory move- 
ment of the crank, the speed of the plunger is ever varying 
throughout its stroke A single-acting crank and flywheel 
pump is the type with which an air vessel is most needed, 
whereas with a duplex direct-acting pump an air vessel 
may, in many cases, be entirely dispensed with, and the 
smooth, quiet, and steady working of the pump still be 
maintained. 

In his "Mechanics of Pumping Machinery," Weisbach, 
considering the size of an air chamber for a manual fire 
pump or fire engine, says that its capacity should be at least 
eight times that of the pump cylinder. In simplex or 
aingle-cy Under single-acting pumps, it is no doubt well to 
keep to some such ratio, large as it may seem to those 
accustomed only to the much smaller air vessels, which (if 
necessary at all) are found to be accompanied by a uniform 
water delivery in quite large duplex double-acting pumps. 

A pump may be provided with an air vessel or chamber 
of more or less fanciful design and got up in burnished 
brass or copper, but whether it serves any useful purpose 
will depend upon what it contains. When the pump was 
first started the vessel was, of course, charged with the 
substance which gives its name, but after the pump has 
been working some time it is more than probable that all 
the air has been gradually absorbed, or withdrawn by the 
outflowing stream, and the vessel become completely 
waterlogged. To ensure that the air vessel of a pump is 
really a vessel containing air it should be fitted with a 
gauge glass, and stop valves should be provided to permit 
of the ready withdrawal of the accumulated water and 
re-charging with air. 



For the automatic chnrgiug of an air vessel with the 
ardinary workiiif; of the pump to which it is attached a 
anifting valve ia sometimes provided to odmit air into the 
pump chamber or barrel on each Biictios stroke. It is 
better practice to arrange an automatic tur-chargiug device 
separate from the pump barrels, and so avoid the reduction 
of the capacity of the pump which results from the former 
system. 

Fig. 4 is a sectional view of one type of ait vessel suitable 
for direct attachment to a pump chamber. The lower end 
of the delivery pipe or discharge main A dips or passes into 
the interior of the vessel, as shown, and hence is termed 
the "dip pifie." The lower end, or water inlet end, of the 




vessel is provided with a narrow neck, aa shown, whilst 
the upper part of the vessel is splayed, to give the advan- 
tage of a large water surface in contact with the air, such 
surface being leas liable to disturbance by the flow of the 

To give a greater opportunity for the sepanition and 
lodgment in the vessel of any air brought in by the water, 
an arrangement such as is shown at fig. 5 may be adopted. 
In this case the incoming water must, as will be observed, 
fall towards the bottom of the vessel in order to enter the 
dip pipe, and during such descent the air has a good chance 
of rising to the upper part of the vessel. For the aama 
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reason air vessels are sometimes provided with double dip 
pipes, the incoming water being passed through one pipe, 
which discharges at the top of the vessel, whilst the out- 
going water is discharged through the other pipe, which 
has its open end near the bottom of the vessel. The pipes 
enter the vessel centrally, but are suitably curved to enable 
them to clear each other in its interior. 

Fig. 6 is an illustration of a convenient type of air vessel 
of a small capacity. It consists of a plain, narrow-necked 
chamber, closed at one end and bolted to a bend, which is- 
itself mounted directly upon the top of the pump chamber. 



CHAPTER III. 

Arrangement op Pipes and Connections. 

Evert pump maker knows how frequently it happens that 
the working of one of his machines, in every respect suitable 
for the service required of it, is much impaired or rendered 
altogether impossible through a bad arrangement of pipe& 
and connections. 

With many users the provision of an extreme suction lift 
(to obtain the imaginary advantage referred to in our first 
chapter) is the chief error to be encoimtered. But though 
with better informed people an excessive suction lift will 
not be adopted, other errors which result in considerable 
trouble and inconvenience are not always avoided. 

Makers of wide experience are careful to intimate in their 
catalogues that when a pump draws from a supply of water 
beneath it, no part of the suction main should rise above 
the level of the pump-chamber inlet. Or, to put it in other 
words, the entire length of the pipe or main should fall 
from the pump to the water supply. If this Warning be 
acted upon, then, in a case such as illustrated at fig. 7, in 
which a pump chamber A (shown in end elevation), must 
of necessity be placed on the side of ai wall B, away from 
the sump or source of the water supply C, the erector will 
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be careful to avoid carrymg his suction pipe over the top 
of the wall (in the manner indicated by the dotted lines), 
even though the height of the wall above C is well within 
a moderate suction lift. But if, disregarding the warning, 
he does adopt the dotted line arrangement for his suction 
pipes, he may save himself trouble for the time being, but 
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there will be plenty of it subsequently from the return or 
syphon action on each reversal of plunger movement. The 
pipe should in this and similar cases be carried through 
the wall, as shown by the full line in the figure. 

Pump designers themselves are not, however, always 
careful to so arrange the delivery valves and outlet con- 
nections on their pump chambers as to avoid the lodgment 
of air within such chambers. Fig. 8 is an illustration of a 
single-acting ram pump, in which the branch or connection 
D, containing the suction and delivery valves, is arranged 
at the top of the chamber. As the delivery valve is, in this 
arrangement, above the chamber proper, any air coming 
in with the water through the suction valve will readily 
flow out on the down stroke of the ram, through the delivery 
valve. But if, instead of the valve branch being arranged 
as above described, it is disposed in a lower position on the 
pump chamber, as indicated by dotted liue^ ot^ \Xife \^\\* 

2cp 
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hand of the figure, any air brought into the idiamber may 
become lodged in the upper part of it, thereby limiting th» 
capacity of the pump; 

Position of thh Vacuum Chuibbr. 

We have previouBly conBidered the necessity for the pro- 
vision of a vacuum chamber, or suction chamber, to absorb 
the energy of a long suction column. But in. order that it 
may properly perform such a function, the vacuum chamber 
must be placed in a favourable position. At fig. 9 three 
positions for the suction chamber are indicated by dotted 
lines. The position A at right angles to the flow of water 
ii a bad one, as the impact would be imposed on the pump 
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before th& water had time to alter its couree for the flow 
into the vacuum chamber. With the position B the water 
flowing up the vertical suction main can ascend into the 
vacuum chamber without any alteration of its course. The 
position C is a good one in tte case of a long leng^ of 
horizontal suction main. As will be seen, the vacuum 
chamber is arranged on the aide of the pump chamber D, 
opposite to the suction main E, so that the water c«n flow 
right through the lower part of the pump (beneath the 
suction valves), and by an easy bend pass into the vacuum 
chamber. 
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Strainer, Foot Valve, and Charging Connections for 

Suction Pipe. 

The general practice, in this country at any rate, is to 
fix the strainer (when such an attachment is necessary) 
upon the bottom of the suction pipe. The advantage of 
this position is that solid matter such as the strainer 
arrests is kept clear of the foot valve. It may be noted 
that in making a strainer care should be taken to have the 
combined areas of the strainer holes not less than two or 
three times in excess of the suction pipe area, in order to 
allow a sufficient inflow even though a number of holes 
may be blocked. 

But the difficulty of getting at the strainer to free it from 
obstruction when it is fixed on the end of the suction pipe 
has led to the adoption of the arrangement indicated to 
the left hand in fig. 10. Tlie strainer S is arranged, as is 
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Fig. 10. 



shown, adjacent to the pump chamber, and thus it can be 
very readily inspected and cleared as may be required. 
The strainer should comprise two main parts, viz., the 
strainer proper consisting of a wire basket or perforated 
diaphragms, and a box or casing enclosing the same, but 
permitting of ready insertion or withdra^aX. 
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Foot valves, like check or retaining valves generally, are 
made with the moving parts, or valves proper, arranged in 
various ways. The types to . avoid are those in which wing 
like or other projections are formed on the valve itself to 
guide its movement, for such a valve is very liable to become 
clogged, and so stuck up off its seating. The valves should 
always be of the flat or disc type, having nothing below 
the surface which rests upon the fixed seating, and thereby 
forms the joint. A multiple type foot valve containing a 
number of small metal disc valves with leather faces, 
arranged in the one chamber or casing, has been found 
advantageous. 

The dotted lines at fig. 10 indicate a convenient arrange- 
ment of pipes and connections for charging tbl» pump 
chamber and suction main with water from the delivery 
main before restarting the pump after a stoppage. For 
after a stoppage it may be, as explained in our first chapter, 
that the pump will not lift the water because the motion 
of the plungers simply compresses the air instead of com- 
pletely displacing or dislodging it. But on opening the 
valve in the pipe A, fig. 10, which connects the delivery 
main (beyond the check or retaining valve B) with the 
suction pipe or main C, the latter and also the pump itself 
can be readily charged with water. The waste delivery 
pipe D, when its valve is opened, permits of the escape of 
the air displaced from the pump chamber. The pipe D 
may with advantage be left open during the first few strokes 
of the plungers, but it should, of course, be closed when 
the pump has fairly caught its water. 

Bell-mouth for Suction Pipe, and Nozzle for Delivery 

Pipe. 

Just as a stream of water issuing from an orifice is 
contracted to an area less than the area of the orifice (such 
contraction being termed vena contracta), so a contraction 
of the stream occurs when water flows into a pipe. To 
diminish the effect of such contraction and to facilitate 
the inflow of water, the lower end of a large suction pipe 
is so2netimeB rounded or is provided with a bell-shaped 
mouth. And to give a steady arvd MV boxe or solid dis- 
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charge from the delivery pipe the outlet end of such pipe 
is sometimes provided with a conical or curved discharge 
piece or nozzle. A " fireman's nozzle " is a good example. 



CHAPTER IV. 

Plungers and Plungbr Packing. 

Pump plungers may be eitlier of the "externally-packed" 
or the " internally-packed " type. In general, externally- 
packed plungers are styled "rams," and pumps fitted 
with the same are frequently known as ram pumps. In 
like manner pumps fitted with internally-packed plungers 
are sometimes known as plunger pumps or piston-pattern 
pumps. 

Each type has inherent advantages and disadvantages, 
which we will briefly consider. The sketch diagrams, figs. 
11 and 12, representing a ram and a piston-pattern pump 
respectively, will serve to keep the two types before us 
during such consideration. 

In the ram pump, fig. 11, there is simply a stuffing 
box to be kept packed, whereas in the piston-pattern pump, 
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fig. 12, we have both a stuffing box and the internal plunger 
or piston to attend to. A stuffing box can be very readily 
packed, but it is frequently a difficult and troublesome 
business to pack a plunger, for the end cover joint must 
be broken and subsequently re-made, and if the plunger, 
rod, and plunger cap are made of iron, the three parts will 
probably be so rusted together that the task oi T^TCiW^vsi^ 
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the cap to permit of the insertion of the packing may 
involve the expenditure of much time and temper. A man 
who has had such an experience will be a strong advocate 
for the adoption of brass plungers and rods. 

A ram pump can be used for dealing with gritty water, 
whereas, with a plunger or piston-pattern pnmp on such 
a service, waterways are speedily cut along the plui^er 
and the barrel, with the result that a quantity of the 
liquid is simply churned back and forth in the barrel 
instead of being displaced from the same. 

Leakage of water through the gland of a ram pump is 
at once observed, but the leakage past a plunger cannot, 
of course, be seen. In the latter case, the leakage is 
revealed only when it has become so extensive as to 
seriously diminish the output or delivery of the machine. 
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Turning now to the other side of the question, we have 
to remember a ram is ordinarily single acting, delivering 
water only on every second stroke. A plunger or piston 
can be double acting, so that when running at the same 
speed it will deliver double the quantity of water discharged 
in an equal time by a ram of the same diameter and length 
of stroke. A ram-pattern pump can be made double 
acting, but two rams, or a single ram with divided 
chamber, must be employed. It is obvious, therefore, 
that in the matter of compactness and simplicity of outline 
the advantage is with the piston pattern. 

On many services it is of prime importance that the 

capacity of the water cylinder shall be but little in excess 

of the displacement effected on each pump stroke, or, in 

other words, that the amount of air space or clearance in 
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the water cylinder shall be reduced to a minimum. For 
such services ram pumps are quite unsuitcd. 

Unless the glands of ram pumps are most carefully 
packed, a very large proportion of the work put into the 
pump will be required simply to overcome the friction 
between the packing and the surface of the ram. It is 
a very easy matter to pull up a pump by tightly screwing 
down the gland, and, unless otherwise directed, an 
attendant, in his anxiety to prevent leakage through the 
stufi&ng box, may put in so much packing that he must 
perforce vigorously ply hammer and drift before the studs 
can be made to project through the face of the gland ; the 
latter is then screwed down till the perspiration rolls from 
the forehead of the honest but thoughtless workman. 

The packing that may give every satisfaction for the 
glands of steam piston rods is generally quite unfitted for 
the glands of pump rams and water pistons or pump rods. 

At the water end of the steam pump the gland packing 
should be soft and well greased throughout. For the rams 
of pumps for hydraulic presses and other high-pressure 
services, self-acting leather packings of the U or hat types 
may be employed with cold liquids, but owing to their 
annular form they cannot be so readily inserted as hemp 
or like packing, and hence the latter is more generally 
adopted. 

With a piston or plunger, a self-acting packing of the 
well-known cup leather type can be fitted without great 
difficulty. The pump barrel should, however, be invariably 
brass lined, for self-acting packings are very rapidly 
destroyed unless the surfaces against which they work 
are quite smooth and free from corrosion. 

Pump water pistons or plungers may be packed with 
soft hemp or similar packing in the manner indicated at 
fig. 12. They are sometimes also packed with rings made 
of a non-corrosive metal. Plungers without any packing 
whatever give every satisfaction on services where there is 
but a moderate head or pressure (not exceeding about 
150 lb. per square inch) to be pumped against. In such 
cases, however, the plunger should be made somewhat 
longer than an ordinary packed piston to provide accL^l^ 
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wearing surface. The slight leakage of water past a 
plunger of this description is more than compensated by 
its freedom from the friction involved in the use of a 
packed plunger. 

Valves. 

The provision of multiple valves on pump chambers ia 
now a universal practice. In the well-known flatrdisc form 
they appear to have been first generally adopted in America 
upwards of 50 years ago, in connection with boiler-feeding 
and bilge pumps for steamships. "All pumps for this 
service," says an American writer, " were formerly provided 
with only one valve to each end of the pump chamber. 
The valve was flat and oblong, covering a port like that 
of a steam chest, and rocked open and shut on a half hinge 
on one side, governed by a flat spring of hard brass. A 
small obstruction under the heel of this valve would throw 
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that end of the pump out of commission. It was quite 
common to find pieces of wood, scraps of leather and rubber, 
and sometimes a fireman's cap and overalls in the valve 
chambers." 

" The multiple valve," proceeds the same writer, *' scored 
a great success, as the valve plates acted as a coarse 
strainer, and all the debris and rubbish that came up from 
the bottom of the ship stopped in the large suction chamber, 
and could be removed from time to time as the pump 
showed signs of strangulation." 

Fig. 13 is a sectional elevation of the metal disc type of 

valve, several of which can be fitted, when the multiple 

valve system is adopted, to control the suction and delivery 

ports or apertures of a pump chamber; fig. 14 is a plan 
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of the vaJve seating. The valve itself consists of a metal 
disc A, or a rubber disc may be employed for cold water. 
The guard B is screwed into the valve seat C, and the 
latter is itself screwed into position in the pimip chamber. 
The spring D retains the valve on its seating. As there 
is no projection of the valve below its seating, it cannot 
become "stuck up" therein. 

As already stated, a number of valves of the type 
illustrated can be arranged on the one pump chamber, but 
in pumps for working against heavy pressures, though the 
disc type of valve can still be advantageously employed. 
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each valve (or group of valves) should be disposed in a 
separate pot or valve chamber. The detachable head or 
cover of each valve pot or chamber can be provided with 
a hollow projection or socket to serve as the valve guard 
and stop, a corresponding central projecting stem being 
formed upon the upper side of the valve to enter the said 
socket. 

When rubber discs are used in place of the metal discs, 
as A, fig. 13, a metal plate or washer should be interposed 
between the back of the valve and the metal spring. 

Fig. 15 represents, in sectional elevation, a suction and 
a delivery valve arranged on one central stem. The valves 
are of the type sometimes known as " double-way," because 
the water can flow out under both the inner and outer 
edges of the ring-like bearing piece of the valve when the 
latter is raised from its seating, whereas in the valve 
shown at fig, 13 the water has but one annalaT «^^t^ V^ 
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flow through. A plan of one of the double-way va! 
shown at fig. 16. Tubes or hollow buffers off indiai 
are sometimes employed instead of the valve springs 
we here note that in all cases it is advantageous to e 
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springs or buffers of such a normal length that the 
have a certain amount of free lift before commenc 
compress the springs. 

The old form of flap or clack valve® is still freq 
adopted, espeoisMj for services where the water is 
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pr contains solid matter. The valve in its simplest form 
IS readily made from, a pad of leather which is secured 
on one side to the valve seat, such secured side serving 
fts tHe hinge. The leather is topped with a metal plate or 
^^sc, the two parts being fastened together by means of 
copper rivets. Though suitable for low lifts and slow 
spee<is, the objection to this type of valve is the necessity 
for allowing them a large movement in order to obtain a 
free waterway; the valves are, therefore, comparatively 
slo^9- in closing, with the result that the " slip," or retina 
01 ^vater through them, is considerable. Large valves 
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^^ovided with several clacks or flaps, are termed " multiple- 
?lack" valves. They are made in many forms; one type 
^^ shown in outline at fig. 17. 

A very simple type of valve suitable for small slow-speed 
thumps is shown in section at fig. 18. No guide is needed 
^ith such a valve, as it will always right itself in seating. 
<*lie valve itself, or the "valve fall" as it is sometimes 
tiermed, consists of a cast-iron hollow cone, as illustrated 
^t fig. 19, which has simply to be faced under the head 
^nd necked for the reception of the rubber ring R; the 
latter is sprung into position on the fall. 

Perpendicular lift valves can be provided with two or 
^iiore seats, either in the same plane or one above the other, 
und for large pumps such "double-beat," " treble-bea.t. " 
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or " multiple-beat " valves in various forms are cammonly 
employed. Fig. 20 illustrates a valve in which; the " beats,'* 
or parts which come into contact with the seat, are arranged 
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in the one horizontal plane. Such a valve may be termed 
a " quadruple-way valve," seeing that the water will escape 
through both the inner and outer annular spaces formed 




Fig. 20. 



between each of the ring-like parts, A and B, when the 
valve is lifted from its seat. 

Many other varieties of multiple-beat valves are designed 
and produced to suit sundry requirements, fads, and 
fnncies. 
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Mechanicallt-operated Valves. 

T^^ valves previously considered are opened solely by 

the WQ^ter pressure imposed upon them, and it is obvious 

that "tliey cannot open imtil after the application of the 

prefi8:viTe. In practice, no great difficulty is experienced 

with Such valves, even when running at high speeds, if the 

pump ig ^qH designed throughout and adapted to the 

requii^ed service. But in certain pumps of German origin 

the Valves at the water end are, under the Riedler system, 

positively operated by mechanism worked by a moving 

P^rt of the pump. T^e valves are said to " operate with 

? liberal lift, avoiding any throttling. The mechanism 

J8I exceedingly simple. Each valve is closed at the moment 

7 stroke of the piston changes, and this closing is done 

-^ ^eans of a spindle projecting into the valve chamber. 

t ^u *^® ^^^ ^^ ^^® stroke a very small free lift is allowed 

• *'^© valve, which can be regulated at will." Mine-pump- 

j- ^ Engines with, the Riedler valve system were first built 

jj ^^84, and since that year a large number of such engines 

f ^ been constructed for various countries, but especially 

^ I ^^e deep mines of Bohemia, Silesia, Westphalia, and 

^iim. 



CHAPTER V. 

Boiler Feed Pumps. 

Q^T^^ advantage of employing a small steam pumping engine^ 
i^^ ^Dnkey pump, for t^e sole purpose of boiler feeding is 
^i^^^ generally recognised by steam users. To meet the 
u^^^^nd for such pumps, so many makers have entered the 
'^^ "*^-ket that a purchaser may well find it difficult to make a 
o^' ^ selection. It has been truly said that " the cheapness 
a^l^'^ article depends on more things than price," and in the 
t^ ^^tion of a boiler feed pump it is of especial importance 

>^«ar such a statement in mind. 
j^^l'T^ irst and foremost, a boiler feed pump must be absolutely 

^^ble. To that end its working parts must be fe^r vrv 
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number and of great simplicity and durability. There must 
be no risk of the steam controlling valve or any other part 
becoming " stuck up " or failing in action. The user must 
be assured that so long as he keeps steam supplied to 
the pump, so long will it continue to work steadily and 
uniformly, requiring no frantic manipulations of a starting 
lever from time to time, or any like assistance from the 
stoker or attendant. 

The water in a boiler should be maintained as nearly as 
possible at one constant level, and the pump should there- 
fore be capable, when running at a moderate speed, of 
making the feed keep pace with the maximum rate of 
evaporation in the boiler. 

The surroundings of a feed pump are, more often than 
otherwise, anything but conducive to the sweet running of 
machinery of any kind, and hence any elaboration of working 
parts should be carefully avoided. The feed pump may get 
a little oil now and again, but it seldom gets any other 
attention. When a feed pump is in a fair working condition 
the **8lip" should not exceed 5 per cent; in other words, 
the pump should actually deliver an amount of water equal 
to 95 per cent of the measured displacement. But if the 
plungers or plunger packings are allowed to get into a bad 
condition the slip may be upwards of 25 per cent. In such 
a case the speed of the pump must, of course, be increased 
to maintain the water level, resulting in a proportionate 
increase in steam consumption and in the wear and tear of 
the working parts. 

Katio Between Steam and Water Pistons. 

In the sketch diagram, fig. 21, A and B respectively 
represent the steam and water cylinders of a pump for 
feeding the boiler C. Each cylinder is fitted with a piston 
directly connected by a rod as indicated. If the pistons are 
of equal area, it is evident that they will be in equilibrium 
when both steam and water connections are opened to the 
respective cylinders A and B, for whilst the steam pressure 
will tend to drive the pistons in the direction indicated by 
the arrow 1, the water pressure will tend to drive them with 
equal force in the opposite directioti. It \^ cWr^ therefore, 
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tnat with such a pump the area of the steam piston must be 

^^ excess of the area of the water piston or plunger if the 

^ter is to be driven into the boiler. The ratio between 

^*^6 two must be such as to provide sufficient force to 

^^f^ome the ficiction of the moving parts of the pump, of the 

^^da in motion, and to effect the performance of the work 

^fyisplacement The general practice is to adopt a ratio of 

Jr^^t 2 to 1 — ^that is, to employ steam and water pistons 

, ^Uch diameters that the area of the former shall be double 

® ^rea of the latter. With small feed pumps the ratio is 




Fio. 21. 

®^^*^*Ciewhat greater, and with larger feed pumps frequently 
^^^]'^=*:iewhat less, than 2 to 1, for we usually find that the 
^^^^^tion is proportionately more in small pumps. As 
^^^.mples, we will here refer to the standard sizes of leading 
^^^^t^es of feed pimips, of which, by the courtesy and special 
TP^^tMnission of the makers, illustrations and particulars will 

^^ given in the course of these articles. 

*rhe ordinary list sizes of the " Favourite " double-acting 

^^^^ey pumps (illustrated at fig. 22), by Mr. A. G. Mumford, 

^^ Culver Street Engineering Works, Colchester, are as 

^^llow :— 

in. 
Diameter of steam cylinder... 3 
Diameter of wa.ter plunger ... li 
Length of stroke 3 



in. 


in. 


in. 


in. 


in. 


3^ 


4i 


5i 


6 


7 


2 


n 


3 


3i 


5 


4 


5 


6 


« 


^ 
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Tha "Cameron" tyt»e liouble-acting pumpinR engine 
(illustrated at fig. 23), by the same maker, is made to the 
following sizes ; — 
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The following ere Bome of the sizes adopted by the 
Pulsometer EngiDeering Co. Limited, of Nine Elms Iron- 
works, Reading, in their singleKsyliiider dired^acting 
" Deane " boiler feed pumps : — 



Diameter of Bt«*m cjliuder 3J i 5} 

Diameter of water cjlinder EJ 2^ 3J 

Lengthof Btrote 6 10 10 




Messrs. G. aud J, Weir Limited, of Cathcart, Olaagow^ 
adopt the following ratios in their single direofraoting pumps 
ior boiler feeding : — 



Diameter of steam cylinder 7& 

Diameter of pump cjlinder 5i 

Leogtbof atroke 15 
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^w following selection of ratios is from the lists of tho 
^^^^iugton Pamp Co. Limited, of 153, Queen Victoria 
Streeti^ London, KC. :— 



in. 


In. 


in. 


in. 


in. 


2 


^ 


6 


10 


12 


U 


3 


H 


/ 


H 


2i 


4 


6 


10 


10 



i'^^jneter of steam cylinder... 
^XHineter of water plunger ... 1^ 
^-^Hgth of stroke 2^ 

^^g. 24 is a sectional illustration of a Worthington standard 
^yp^ horizontal feed pump, to which we shall again refer in 
^^other chapter. 

^ ^easrs. W. H. Bailey and Co. Limited, of Albion Works, 
^*^ord, adopt the following ratios in their "Davidson" 
P^'^^nt boiler feed pumps : — 

in. 
Diameter of steam cylinder .. 3^ 
Diameter of water plunger ... 2 
Length of stroke 4 



in. 


in. 


in. 


in. 


5h 


7 


12 


14 


H 


4 




8 


8 


10 


12 


14 



a 
t 



F^ 



Compound Feed Pumps. 

^ith the high steam pressures now so generally adopted 

various services, a demand has arisen for boiler feed 

mps having compound steam cylinders. With such pumps 

^ ^Considerable saving of steam is effected ; in many cases the 

^h-pressure cylinder can be made of less diameter than 

« pump barreL 

The following ratios are adopted by the Pulsometer 
^^^neering Co. Limited in their single type compound feed 
mp : — 



Diameter of 

high-pressure 

cylinder. 



Inches. 
4 
5 
7 
9 



Diameter of 

low-pressure 

cylinder. 



Inches. 
12 
15 
21 
24 



Diameter of 
pump barreL 



Inches. 

n 

10} 



Length of 
stroke. 



Inches. 
18 
18 
29 
20 
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The sizes hereunder are selected from the Worthin; 
Pump Co/s lists of Worthington or duplex type compc 
pnmps suitable for boiler feeding : — 



Diameter of 

high-pressure 

cylinder. 


Diameter of 

low-pressure 

cylinder. 


Diameter of 
pump barrel. 


Length! 
stroke. 


luches. 


Inches. 


Inches. 


Inches. 


H 


7J 


5 


6 


6 


9 


T 


10 


8 


12 


lOi 


10 


9 


14 


12 


10 


10 


16 


14 


10 



Messrs. W. H. bailey's ** Davidson" patent compound pi 
has cylinders proportioned as indicated in the follow 
selections : — 



Diameter of 

high-pressure 

cylinder. 


Diameter of 

low-pressure 

cylinder. 


Diameter of 
pump barrel. 


Lengr.b (j 
stroke. 


Incites. 


Inches. 


Inches. 


Inches. 


3i 


7 


3i 


8 


4 


8 


4 


10 


5i 


10 


5i 


12 


6 


12 


G 


12 


7 


14 


7 


14 


9 


1 


9 


18 



Steam Consumption in Feed Pumps. 

The steam consumption of a feed pump may be stated 
the quantity of steam used per horse power per hour, 
for general comparative purposes such a statement is \ 
convenient. But it is sometimes more advantageous to h 
the information expressed in terms giving the quantity 
water delivered into the boiler for every pound of st< 
8 applied to the pumps. 
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., . r^^ring again to fig. 21, it will readily be understood 

. ^^ it were possible for a pump to work with steam and 

pistons of equal areas, as therein shown, then, dis- 

i^^iing all condensation losses of every kind, the ratio 

. . ^«n the steam consumptioa and the water delivered 

^ x^^he boiler would be just the ratio between the weight 

g .*^^ steam and the weight of an equal volume of water. 

®^tig that the steam and water displacements are just 

^^^1 to each other, it follows that the delivery of a cubic foot 

^ater into the boiler will involve the withdrawal or 

. P^nditure of a cubic foot of steam. Wo thus have a very 

ip^ple and very convenient ideal standard of reference. 

, ^^ weight of a cubic foot of water is about 62*3 lb., whereas 

^o. of steam at 100 lb. boiler pressure will occupy a volume 

* about 3*8 cubic feet. The ideal quantity of water deh- 

^^ed per pound of such steam is thus 

62-3 X 3-8 = 236-7 lbs. 

/^he steam consumption per horse power per hour of our 
^^eal or reference pump, with the aforesaid steam pressure, 
"^e can calculate as follows : — 

33000 X 60 , ,^ ^ X' c\ • 
-- , ---^' = 137*5 cubic feet 

144 X 100 

- 36'1 lbs. per hour. 

Now, although the ideal or reference pump on which the 
foregoing calculations are based is assumed to work w^ithout 
expansion, yet, even in compound boiler feed pumps using 
"Considerable expansion, the results will not equal the figures 
^ve have given. In ordinary single-cylinder steam pumps 
"working with little or no expansion, the steam consumption 
must of necessity be very much higher than our figures, for, 
as we have already seen, the steam piston must be about 
double the area of the water plunger, and, in addition, there 
is the consumption of steam on each pump stroke in the 
clearance spaces and ports; the said addition may repre- 
sent more than 15 per cent of the total steam consumption 
of the pump. 
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In a paper by Mr. Alexander Borodin on " The Working of 
Steam Pumps on the Russian South-Western Railways,*' 
read before the Institution of Mechanical Engineers in the 
year 1893, some extremely interesting particulars were given 
concerning tests conducted on quite a number of pumps of 
different makes, employed for the water supply at the 
principal stations. The value of the tests is much enhanced 
from the fact that the pumps were all tried in their ordinary 
working condition, without any special preparation with a 
view to the attainment of good results. We may again have 
occasion to refer to these trials, but for the present will 
simply note that the steam consumption ranged from 50 lb. 
per horse power per hour in a Worthington compound 
pump to the enormous quantity of 855 lb. per horse power 
per hour in a small pump made by another maker. The 
latter pump was not tested by the author of the paper 
referred to, but full particulars are given of the figures 
obtained at the test. 

"Steam pump manufacturers," said an American writer, 
in the year 1897, ** claim to run on as low as 75 lbs. of water 
(steam) per indicated horse power per hour, but it is not 
uncommon to find it double that amount." We may add 
that compound boiler feed pumps can now be obtained with 
which the steam consumption is given by the makers as 
"less than 501b. per duty horse power per hour." 

As is well known, the injector is an extremely uneconomical 
appliance for pumping water. An ordinary injector will use 
about four times as much steam as an ordinary pump doing 
the same work ; but there will be some compensation in the 
warming of the water. 



CHAPTER VI. 
Types of Boiler Feed Pumps. 

In selecting a feed pump a buyer has first of all to decide 
between crank and flywheel and non-flywheel pumps. Non- 
flywheel pumps are frequently called "direct-acting," but 
inasmuch as many flywheel pumps have the steam and 
water pistons directly connected, the teTm \a not sufficiently 
fiiatinctive. 



(jg ?*5t type has ita advocates, from whom iiiforinatioD may 
j£_^tamed concerning the advantagae of the one and the 
^^Vnn^ngRi of the other. 



«*e 



Flywheel. Pump?!. I 

or crank and flywheel pumps the chief claim made is that 
, -/ are more economical than non-flywheel pumps. Now, 
" ^ile it is perfectly true that many flywheel piunps are 
- ^*king with greater economy than non-flywheel pumps, it 
|. ei^aally true that steam pumping engines of the latter 
a ^6 can be and are mside to equal some of the moat 
^<Miomioal flywheel pumping engines. 

But the pumpa or pumping engines (for wo are now 
^^nsidering pumpa having their own steam or motor cylinders) 
**iployed for boiler foeding are generally of small dimensions. 
^- boiler supplying a hundred horse power engine can be 
^d by a pump having a steam supply pipe only three-eighths 
*-*t an inch in diameter. With such small pumps and running 
^t the slow speeds necessaiy if the water in the boiler is to be 
'^Utintomed, as it should be, at one constant level, it is 
*^V)viou8 that the momentum of the flywheel must be 
Exceedingly moderate, and therefore that the amount of 
''cut-off" (or eipansive working) permissible can be very 
little, for the work is, of course, a constant quantity. 

In boiler feed pumps having the slide valve or steam 
Controlling valve operated from a rotating crank shaft 
receiving its motion from the reciprocating piston rod, it is, 
of course, necessary to provide a flywheel to carry the crank 
Over the " dead centres." It is such carrying over that 
Constitutes the chief fnnotion of the flywheel When the 
pnmp is running at full speed a slight saving of steam may 
be effected by expansive working. 

A great objection, however, to crank aiid flywheel pumps 
is to be found in the difficulty experienced in running 
them at alow speeds. As an illustration, it may here be 
mentioned that some of the hydraulic* lifts or elevators of 
the Eiffel Tower were originally worked by flywheel pumps. 
After the experience gained at the Exposition of 1889 the 
authotitiea decided to increase the elevator capacity 6 



I autbi 



40 THE CONSTBUCTION AND WOBKINO OF PUMPS. 

1900 Exposition, and although they at first only ^^o^ 
templated additions to the existing pumping plant, €:^1^^ 
finally decided to take out all the flywheel pumping engi 
and do the whole elevator service for the tower with 
flywheel pumps. It was found that flywheel pumps _- 
always noisy in action, and that they were continnai^ 
stopping when it was attempted to run them at such a spe 
as was sufficient to maintain the amount of water requi 
at certain periods. No such difficulty was experienced wi 
the non-flywheel pumps. 

NON-FLYWHEBL PUMPS. 

Non-flywheel pumps may be divided into two main clasaes^^ 
viz., single and duplex. Single non-flywheel pumps ar^^ 
usually associated with a steam operated slide valve, which, ^ 
as frequently arranged, is anything but certain in its action, ^ 
though, as we shall presently see, single non-flywheel pumps ^ 
can be constructed with positive valve gear. 

Duplex Pumps. 

The duplex pump was invented by Henry R. Worthington, 
Df New York. It was not until about the year 1880 that 
such pumps were generally introduced to this country by the 
company bearing the name of the inventor, but their good 
qualities gained speedy recognition. Duplex pumps are now 
constructed by most leading makers in all manufacturing 
countries. 

The duplex pump comprises two single pumps arranged 
side by side on the one framing. The slide valve of each 
steam cylinder is actuated by a lever which is rocked by the 
movement of the piston rod of the adjacent cylinder. Each 
piston thus acts to give steam to the other, and on finishing 
its stroke it must wait for its own valve to be acted upon 
before it can renew its motion. This pause allows all 
the water valves to seat quietly and removes all 
harshness of motion. The pump is absolutely reliable in 
its action, for as one or the other of the steam valves must 
always be open, there can be no dead points. The machine 
starts directly the steam is turned on, and will continue to 
work until it is shut oft*. 
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, ^ ^8 particularly necessary for the proper working of 

^?p ^ pumps that the piston and gland packings should be 

jmiforin. If such packings in one cylinder are tighter than 

^, Another, the one piston will move sluggishly as compared 

^ttx its neighbour, with the result that the motion of the 

®*ow piston will be reversed before it has completed its 

f^ke. One side of the pump will thus exhibit the eflfect 

*^o^n as "short stroking." As the clearance remains 

^'istant whatever may be the length of the pump stroke, it 

^ill be readily understood that short stroking means waste 

^^Bteanu 

WORTHINGTON BoiLER FeED PuMPS. 

The sectional view through one side of a Worthington 
P^Bton pattern feed pump, given at fig. 24 in our last chapter, 
^leaj"ly represents the arrangement of the separate admission 
^^d. exhaust ports at each end of the steam cylinder, and the 
disposition of the suction and delivery valves above the 
^^ter cylinder. In its motion each steam piston passes over 
^ta cylinder exhaust ports, and an efficient cushioning eflfect 
^^^ thus obtained from the entrapped steam. Levers are pro- 
'^id.ed (with the pump illustrated), to permit of the operation 
^f the machine by hand. Pumps of the type sho^-n are suitable 
*or Bteam pressures up to 1601b. per square inch. Similar 
pumps are constructed with compound steam cylinders. 

B^. 25 is an illustration of a Worthington ram pattern 

*oe^ pump. A sectional view through one side of the pump 

^ given at fig. 26. It has a great advantage over piston or 

Plunger pumps, in that leakage can be at once observed and 

^^adily taken up whilst the pump is in motion by simply 

brewing up the glands. The water end of the pump is so 

^©signed that there are no air pockets when it is placed in a 

vertical position, and thus the machine can be fixed either 

'ioHzontally or vertically as may be required. In the 

pressure pattern type Worthington ram pumps, for working 

*^nst pressures up to 300 lb. per square inch, the water 

y^ves are located in separate valve boxes consisting of 

independent castings bolted to pump barrels. Such an 

^^^nmgement permits of the ready inspection and renewal of 

the valves. 
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MiJMFORD ASD Asthoni'b Patent Duplex Pump. 
A aectional rievr throusjh. one aide of the above-named 
pamp {made by Mr. A. G. Mumford, Culver Street Engi- 




neering Workfl, Colchester) is fjiven at fig. 27, 
goneral deaoription ia as follows : — 

" In the steam cylinder there ia only 
viz., the piston, in which ateun Y^aast^a 
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that the usual slide valve is dispensed with, as well as 
levers, pins, and other small parts. The surfaces of the 
pistons are especially lengthened, so that their durability 
has become phenomenal. Each piston acts as a slide valve 
for the admission of steam to the opposite cylinder and (in 
due course of travel) its eduction passage, besides discharging 
its duty in the ordinary way of actuating the pump. The 
steam passages are carefully arranged, so that either piston 
will start from any position. There are no dead centres, 
and, throughout a course of severe tests and lengthened 
trials, these pumps have never been known to stick nor 
stop of their own accord. They are easy in working, and 
there is a complete freedom from shock. The pistons are 
perfectly balanced, and a certain steam cushion is provideil 
at the end of each stroke. Full travel is always assured, 
and, in the event of pressure being withdrawn, the cushion 
is maintained." 

Mumford's ** Favourite *' Donkey Pump. 

We illustrated this well-known flywheel donkey pump 
(double acting) at fig. 22, in our last chapter. It is a very 
compact pump, and can be readily bolted to a boiler, to the 
side of a vessel, or other vertical support. 

Mumford's Cameron-type Pump. 

An illustration of the above is given at fig. 23 of our lasl 
chapter. The valves and all parts of this self-containe( 
pump are adapted for working against heavy pressures, anc 
are readily accessible for easy inspection. 

The illustration shows a double-acting pump; but the] 
are also made single acting — that is, with rams instead o '^ 
with plungers or water pistons. 

Weir's Single Feed Pumps. 

The Weir patent direct-acting feed pumps, as they air« 
termed, have been known for a number of years as higln- 
class machines for marine work. Fig. 28 is an illustnxtiou 
of the Weir pump of the standard land-service type, whilst 
fi^. 29 18 a SFctional view taken at right angles to fig. 2S. 
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The makers (Messrs. G. and J. Weir Limited, of Cathcart, 
GlaBfTOw) (rive the following specification of this mactine : — 

" The Weir standard feed pomp is single cylinder, double 
acting, and verticaL The steam cylinder is of close-grained 
cast iroti, and covered with planished sheet steel. The 
pnmp end is of oast iron, fitted with best Admiralty gun 
metal liner. The pump rod consists of one piece of cold- 
rolled mangimese bronze. The valve seats and valve are of 
the Weir patent gronp type, which comprises a number of 
small valves in a circular gun metal seat, thus afiording a 
large valve area with only a small lift The valves are of 
special bronze, and the valve seats of Admiralty gun metaL 
The water pistons are also of gun metal, and fitted with 
ebonite packing rings. These pumps are suitable for boiler 
feeding up to 2001b. pressnre, and can pump either hot or 
cold water. 

" The steam valve gear oompriaes a main and an auiiliary 
valve. The main valve is for distributiog steam to the 
cylinders ; the auxiliary for distributing steam to work the 
main valve. The main valve moves horizontally from side 
to side, being driven by steam admitted and exhausted from 
each end alternately. The auxiliary valve is actuated by 
lever gear from the rod of the pump, and moves on a face ou 
the back of the main valve, and in a. direction at right angles to 
the main valve. By this arrangement there is no dead centre, 
the action being absolutely positive, because the only 
possible position in which the main valve can rest is at full 
travel, either for an up or down stroke of the pistoa Both 
tlie main aud auxiliary valves are simply slide valves, but the 
former is half round, the round aide working on the cylinder 
port face, which is bored out on one side to fit the valve. 
On the back of this main valve a flat face is formed for the 
auxiliary valve to work upon. Both ends of the main valve 
are lengthened so as to project beyond tbe port face, and 
are turned cylindrical with liat ends. Caps are fitted on 
each of tiieee ends forming cylinders, which are closed at the 
mouths by the flat ends of the main valve, which act as 
pistons. The function of the auxiliary valve is to admit 
rteam through the ports on the back of the main valva 
tie main valve from side to side. The porta for 
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admittiug eteam to the top and bottom of the cylinder 
are arranged to cut off before the eud of the stroke, and so 
slow down the pump, thus permitting the a-ater valvea to 
to settle quietly and relieve the connections from any shock. 
On the last quarter of the stroke the steam is thus used 
expansively, so effecting a considerable economy in steam 
consumption. Provision is made, however, by turning 
round the CBpa covering the end of the muin valve for 
admitting live steam during the entire stroke, aa, when the 
pumps are starting and the metal is cold, the steam condenaes 
and it is neceasarj' to clear out the chanibers of water. 
These caps are tiimed by means of the gun-metal spindles 
with indicating pointers at each side of the steam-valve 
chest When the pump is fairly started, these bye-paasea — 
one for the up stroke and oue for the down — are closed til) 
the pump is working silently. The main and auxiliary 
valves are practically the only two moving jxirts in the valve 
chest. The stroke con be adjusted while the pump is 
working by the nuts on the valve spindle in accordance with 
the centre punch marks on the front stay, and is constant." 

Messrs. Weir give the following particulars of two trials 
of one of their boiler feed pumiwj having a steam cylinder 
8 in. diameter, pump 6 in. diameter, stroke 15 in., double 
acting :— 

Steam preaeure at pump IlOlb, ... 1071b. 

Water pressure at pump 1611b. ... lS4ILi. 

llevalutionB (or double sti'uke)p«riiuuut<i IS'B ... 6 

EfBeiencj oi pump 97-26% ... 99-6% 

Pounds of water delivered per pound of ■t«&m... SI'S ... EC'S 

Pounds of Btewn per net W.H.P BSl ... 86-3 

Foot-pounds of work per B.T.U. to 212 deg. 31'1 ... 21 

It should be noted that the "efBciency of pump" in the 
above particulars refers to the relation between tbe actual 
volume of water dehvered and tbe theoretical displacement 
of the water piston. Thus, in the firat trial the " slip of the- 
pump waa 275 per cent, and in the second trial 34 per 
cent. 

ThK PHLBOMETBlt Co.'S COMPOUND FeED PdMP. 

30 is an illustration of a pair of " Karoome"" 
layjound feed pumps, constructed by the Pulsometer — 
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Engineering Compmiy Limited, of Niue Elms Ironworks, 
Reading. The mitkora state that theae pumjiB can he 
worked with any pressure from 50 lb. to 350 lli. per square 
inch, that the st&im used is leas than 501b. per duty horse 
power per hour, and thnt, despite the fiict of the water being 
in many cases delivered at a pressure 50 per cent above 
the steam pressure, the dianieter of the hi ^'h- pressure 
cylinder ia coiiaiderably smaller than that of the pump 
barrel. 

Bailby-Davidsos Pumps. 

Fig. 31 is a aectiooal elevation representing the "Davidaoo" 
double-acting pump, by Messrs. W, H. Bailey and Company, 
of the Albion Worka, Salford 

The steam cheat of the Davidson pump is bored out to 
receive the ahde valve, which has a curved face, and also the 
double-headed trunk piece which aaaiats in operating the 




valve. The valve is oscillated (for controlling the presauret'J 
on the trunk heads) by a cam arranged in the eihaust port, 
the rocking of the cam being efFecte<l by linkage worked from 
the piston rod as shown. The linear movement of the valve 






THE CONSTKCCTION i 



(for controlling the ndmisaion of steam to the cylinder) does 
not, however, depend entirely upon tlio Bteani admitted to the 
back of the trunk heada, for should that not bo quick enough 
to operate the valve with the pump under a high rate of 
speed, the cam will itself carry the valve mechanioall;, aod 
thus prevent the piston from striking the cylinder heada. 
This, the makers claim, ia one of the most important featuiea 
of the pump, the slide valve being as much under the 
oontro! of the piston rod as ia the valve of the ordinary 
steam engine worked by an eccentric, instead of beiog 
independeutly controlled by a trunk or like part operated 
only by the direct application of steam thereto, as is usual 
■with many pumps of this clnss. 

Fig, 32 is an illuslmtion of Messrs. Bailey's vertical type 
of high-pressure boiler feed pump for marine or land 
service. A& will he seen, it ia of very compact and simple 
design, and the whole of the working parts can be readily 
got at for inspection and renewals. 

Davidson steam pumps can be made with compound steam 
oyliudera, and when required t!ie makers also supply boiler 
feed pumps with triple cyhnders. 

WOKTHINGTON LoNG STROKE VhbTIOAL PuMP. 

Fig. 33 illustrates one type or model (Type E) of the 
"Worthington long stroke vertical feed pump. The following 
mrticulara are extracted from the makers' description ; — 
The steam end ia fitted with balanced piston valves. The 
valve motion can be adjusted externally, and whilst the 
pump is in operation, for varying the length of stroke. It 
is not necessary to alter the adjusting nuts except for very 
wide ranges of speed. But very slow running requires a, 
later admission of steam in the cylinders than is the case 
^^^ with the pump running at high speed owing to the abaence 
1^^^ of momentum ia the former case. The maobine is designed 
^^H for working preaanres — both steam and water— up to 350 
^^H lb. per square inc^, The water end of the pomp is made 
^^H in two separate parts, the valve box being separate from the 
^^^^ water barrels and held firmly in place by scuds. The suction 
^^^^ and the delivery valve in each water valve chamber are both 
^^^^L armnged about the one spindle. This arrangement ia 
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followed thruughoiit 
the pump to th 
extent ueoeaaaty I 
tlie number of valvi 
required to secure 
iilHinil valve area. 



I'BiRN's Bam Pumps. 

Fig. 3t illtiBtrates 
■J, siij)fle ram Cameron 
type pump by Messrs. 
Krauk Pearii and 
(Company Limited, of 
West Gorton, Man- 
cheater. As is usiuil 
with this type of 
pump, the columna 
Hiipportiug the over- 
head Hteam cylinder 
are made to act aho 
aa air vessels. But 
the puuip illustrated 
has its rum packed 
under what ia known 
as Pearn's patent 
By ate m of packing, 
which the makers 
describe aa follows : — 

" The illustration 
(fig. 34) shows the 
pump chamber in 
section. The ram A 
in of the ordinary 
type used in double- 
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acting externally packed pumps, but made much shorter, 
as it works through one stuffing box only, instead of two, as 
in ordinary double-acting ram pumps. 

*' B, the pump gland, is the novel feature in this packing, 
as it not only performs the ordinary function of a gland, but 
is in addition the pump chamber F for one side of the pump. 
The collar for taking the gland bolts is screwed on after the 
gland is inserted through the top chamber F. C is the 
ordinary stuffing box, in which may be used spun yarn or any 
other packing. D is a joint ring to make a joint round the 
gland chamber B, and is slackened when the gland is 
required to be moved. 

** The great advantages of this packing are, that a straight 
external packing is obtained in much less length than where 
two glands and stuffing boxes are used. All leakage is 
external, and shows at once when requiring re-packing. 
Leakage from pump chambers E to F is impossible. There 
is only one stuffing box; this reduces friction and is less 
expense and trouble in packing. The gland is guided at 
each end, and cannot be twisted by screwing one side harder 
down than the other, so any friction or wear due to such a 
cause is obviated." 

Green's Kam Pumps. 

Fig. 35 is a sectional view through the cylinder and steam 
chest of a ram pattern boiler feed pump fitted with 
BalkwilFs patent slide valve, as made by Messrs. K Green and 
Sons Limited, of 2, Exchange Street, Manchester, and of 
Wakefield. In the ordinary single-acting ram pumps, 
although water is delivered only on the down or in-stroke of 
the ram, live steam is supplied to each side of the piston. 

With a pump fitted with this valve live steam is only used 
during the downward stroke in pumping the water, and the 
exhaust from the upper side of the piston is utilised to lift 
the " dead " ram during the upward or return stroke, and to 
overcome frictional resistance. 

The valve works on a cylinder face having four ports, one 
to the top of the cylinder, one for exhaust, and two to the 
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bottom end. Live steam from the boiler is admitted to the 
top of the piston, cut off and expanded oa in the caae of a 
common elide valve, but at releaae, instead of the steam 
exhausting into the Btmosphere or tbe condeuaer, both ends 
of the cylinder are put into communication for a short period. 




and then the ports at the bottom are closed, and the top 
opened to exhaust. In this way a portion of the steam used 
during the downward stroke passes to the bottom ead of the 
cylinder, and on expanding performs work on the piston 
duriu); the upstroke. 

In addition to economy of steam, the patent valve has 
another great advantage over tbe one ordinarily used for tho 
purpose. With the latter the speed of the piston and ram 
during the upstroke is considerably faster than at the down- 
stroke, with the resnlt that the pump valves are brought 
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too quickly down on their seats, thus causing unnecessary 
wear and tear ; whereas with the patent valve the speed of 
both strokes is much more uniform, and the pump works 
with greater steadiness. 

The following is a condensed summary supplied by the 
makers of tests made on two single-ram pumps, one fitted 
with a common slide valve, and the other with the Balkwill 
Talve, but in all other respects similar in size and construc- 
tion. Dimensions of pump : Diameter of ram, 6 in. ; 
diameter of steam cvlinder, Sh in. : stroke, 8 in. 



Duration of trial minutes 

Total number of revolutioDS 

Revolutions per minute 

Total weight in pounds of steam enteriof cylinder 

Steam pressure on boiler side of starting yalve, lbs. per sq. in. 

Water pressure on delivery side pounds per square inch 

Total quantity of water pumped gallons 

Water delivered per pound of bteam jiounds 

Steam per I.H.P. per hour pounds 

Efficiency of -pump 



Test No. 1. 

Ordinary 

▼nlve. 


Test No. 2. 

Balkwill 

▼alve. 


80 


42 


1025 


2512 


54-2 


59*6 


258^ 


189 


92 


101 


123 


119 


1158 


1970 


44-7 


101-2 


84-5 


49*9 


87% 


96% 



Economy in favour of new patent valve 42 per cent in 
steam consumption per I.H.P. During the tests the steam 
cylinders were not lagged, or in any way covered, to prevent 
condensation. 

It should be observed that the " efficiency of pump " in 
the above table is the relation between the water delivered 
and the theoretical displacement of the ram. Thus in the 
first case the "slip" of the pump is 13 per cent, and in the 
second 4 per cent. 

In comparing the above record of tests with that supplied 
by Messrs. Weir of tests on their own pumps, and which we 
have given in the description of the Weir feed pump, it will 
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be seen that in the later record the steam consumption is 

stated in terms of the water horse power, or the external 

or useful w^ork done by the pump ; whereas in the former it 

is stated in terms of the indicated horse power, or the work 

done in the steam cylinder. From the data given by 

Messrs. Green, we can, however, readily calculate the steam 

consumption in terms of the horse power on the water, or 

delivery, or output side of the pump. 

Thus, on referring to the table, we find that the pump 

with the ordinary valve delivered 44*7 lb. of water against a 

pressure of 123 lb. per square inch. Now, taking the 

pressure at the base of a column of water 2*3 ft. high to be 

1 lb. per square inch, it will be seen that the units of useful 

work accomplished by the expenditure of 1 lb. of steam is 

44-7 X 123 X 2-3 = 12645-63 foot-pounds. Therefore, 

the steam consumption per pump or water horse power 

will be 

33000 X 60 ,p,^,, , 

. --— = 1561b. per hour. 

12645-63 ^ 

In the same manner it will be found that the steam 
consumption per useful or water horse power in the pump, 
fitted with a Balkwill valve, w^orks out as follows : 

33000 X 60 ^Q,, , 

= 69 lb. per hour. 
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CHAPTEll VIT. 

Mink Tumps. 

As is well known, the first steam pumping engine was the 
first practical steam engine of any kind. For though the 
force of steam was referred to by ancient writers long before 
the Christian era, and though the Marquis of Worcester 
thanked Heaven for showing him "so great a secret of 
nature, beneficial to all mankind,'' it was reserved for Thomas 
Savery, a Cornish mining captain, to do the thing of which 
others had dreamed and written. He built his first '* fire- 
engine," as it was termed, for mine drainage, rather more 
than two centuries ago, in the year 1698. 

In the Savery engine — as with the modem form of such 
engines very largely and advantageously used under certain 
conditions at the present day — a vacuum is created in a 
closed pump chamber by tbe condensation of steam admitted 
within it. By the atmospheric pressure the water to be 
raised is then forced into the pump chamber, from which it is 
expelled on the next introduction of steam, and caused, by the 
direct pressure of such steam, to flow up and out of the 
discharge or delivery main. 

In the Newcomen pumping engine, by which the Savery 
engine was superseded, the condensation of the steam 
necessary for the formation of a vacuum is effected in a 
cylinder and beneath a piston connected to a beam. The 
unbalanced atmospheric pressure on the top of the piston 
then eflfects the elevation of the opposite end of the beam 
with the pump rods and bucket for the formation of the 
vacuum within the pump chamber fixed down in the mine 
or pit, within suction distance of the water. The subsequent 
descent of the bucket and the duly weighted pump rods 
eflfects the discharge of the water through the rising main to 
the pit bank. 

James Watt's improvements on the Newcomen pumping 
engine, comprising the f »rmation of the vacuum in a separate 
vessel (the condenser), the introduction of the air pump to 
improve the vacuum, the use of steam instead of atmo- 
spheric pressure on the upper side of the piston, the steam 
jacket and other we]l-known features, need no de^m'^NAssvi. 
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The Savery pumping engine had of necessity to be placed 
bodily in the pit and within suction lift of the surface of the 
water to be raised. But with both the Newcomen and the 
Watt pumping engine there is a distinct and widely separated 
"steam end" and "water end," the former (or the engine 
proper) being arranged at the surface, whilst the latter (or 
the pump proper) must be fixed in the mine or pit. 

In modem mine pumps we have, in the more general and 
ordinary practice, a steam and water end arranged to form 
the one complete machine, which, like the Savery engine, is 
placed entirely in the pit. But before proceeding to consider 
various types of modem mine pumps we will here refer to 
the 

Duty of Mine Pumps. 

For the purpose of comparing his engines with the best 
work obtainable from horses, James Watt fixed upon the 
unit mechanical horse power (33,000 ft. -lbs. per minute), 
which soon became and remains the recognised British 
standard. In like manner, to enable the mine owners to 
appreciate what he proposed to do for them, he expressed the 
capability of a pumping plant (including both the pumping 
engine and boiler) in terms of the number of millions of foot 
pounds of work that could be performed by the expenditure 
of 1 cwt. of coal. 

The following figures may be taken as indications of the 
performances of ancient and modern pumping engines : — 

Savery engines 5,000,000 ft.-lbs. per cwt. of coaL 

Newcomen engines 12,000,000 „ ,, „ 

Watt engines 80,000,000 „ „ „ 

Present day 150,000,000 „ „ „ 

„ „ (best) 180,000,000 „ „ „ 

It will be seen that with the Savery engine the expendi- 
ture of coal per horse power per hour was — 

33000x60 Tio AA.OIU 

X 112 = 44*3 lbs. 

50U0UU0 
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With the last result given on list the coal consumptiou 
per horse power per hour 'works out as follows : 

180000000 

In comparing these results with those that may be obtained 
with other engines, running, it may be, at high speeds, and 
with the boilers and the whole plant specially arranged for the 
attainment of exceptional results, it must be borne in mind 
that the comparatively slow speed at which pumping engines 
are generally run is not conducive to great economy in steam 
consumption. We shall return again to the question of the 
results actually obtained from pumps, but we may here 
consider for a moment the total amount of heat energy 
available from the combustion of 1 cwt. of coaL 

The standard calorific value or the total heat of qombustion 
of lib. of best steam coal is generally taken at 14,700 
British thermal units. The mechanical equivalent of one 
British thermal unit being taken at 772 foot-pounds, it 
follows that if the whole of the heat energy could be 
converted into useful work tbe quantity of coal required per 
horse power per hour would be — 

33000x60 ^ 
14700 X 772 



Thus the burning of but one pound of coal would yield 
nearly 6 horse power for one hour. 



Types op Mine Pumps. 

It has been well said that " it is very difficult to design 
and construct a steam pump that will satisfactorily meet 
the exacting requirements of mine pumping. The service 
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is generally rough, severe, aud continuous. Great care must 
be exercised both in the selection and adaption of the 
material used in construction, as the water to be pumped is 
often of a kind that will attack and quickly destroy it Tho 
location of the mine is usually remote from supplies, and any 
necessity for renewals or repairs, unless they can be mado 
with unskilled labour and with little delay, may be attended 
^ith serious consequences." 

Pearn's Compound Ram Pumping Engine. 

Fig. 36 illustrates the above-named crank and flywheel 
pump by Messrs. Frank Peam and Co. Limited, of West 
Gorton, Manchester, suitable for use in collieries as an under- 
ground pumping engine. As will be seen, the external 
stuffing boxes of the rams can be readily packed, and all parts^ 
^re easily accessible. The pump valves are of gun metal, and 
6ach is accessible by a separate door or cover. 

The cylinders and pump end are fitted on the one base 
plate, ensuring the maintenance of accurate alignment of tho 
forking parts. 

Evans' "Cornish" Double-acting Ram Pumps* 

Fig. 37 is an illustration of the above-named pumps as 
made by Messrs. Joseph Evans and Sons, of Culwell Works, 
Wolverhampton. The ** Cornish " steam cylinder, as it is 
termed, which is adopted by Messrs. Evans for this and 
many other types of their pumps, is provided with a steam- 
operated controlling valve, but no tappets (or supplementary 
stalk valves which the main piston must operate on each 
stroke), are necessary, as with some other types of steam 
moved valves, and which are objectionable because of their 
liability to become stuck up or inoperative. Small ports are 
provided at each end of the cylinder which communicate 
with the back of a small plunger, working in a larger plunger 
arranged in the valve chest. As the main piston approaches 
the end of its stroke in either direction it uncovers one of 
the said ports to allow steam from the cylinder to act upon 
one end of the small plunger, and so move the same as to 
put the opposite end of the larger plunger in communication 
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^ith the exhaust, and the adjacent end with the live steam 
in the valve chest. The large plunger, together with the 
slide valve, is thus carried over the main ports, thereby 
reversing the motion of the piston Tvithin the cylinder. The 
steam chest being placed on the side of the cylinder, and the 
bottom of the steam port on the same level as the bottom of 
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the cylinder, the makers state that the whole of the 
condensed steam is carried out at every stroke of the piston, 
whereby the necessity for drain cocks is avoided. 

The pump end, as will be seen from the illustration, is 
provided with a ram working through a pair of stufl&ng boxes 
arranged in separate chambers. As there is a suction in one 
•chamber and a delivery from the other, a double action is 

5cp 
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obtained on every stroke of the sinsle ram. The ilhistratioQ J 
showa.both aa air veasel on the delivery aide uad a ^ 
chamber ou the aitctioti aide. 

Though Meears. Evaua can alao make this type of pamft. I 
with a piston or bucket iu place of the outaide-packed ram, J 




ha illustrated, thoir recommendntiou ia in fnvonr of thw 
latter, aud they do not in any case advise the ailo|ition of a 
pistor. or Imckot pump for a waterheiid of nnre than 300 ft, 



on account of the loss of efficiency due to slip, which rany 
beooraa very great before detectioa when working with aii 
iutarmlly-packed pi a ton. 

Evans' Ddplbk Puhpino Esoise. 
This pump IB illuBtratetl at fig. 38. The water end com- 
prisea eitemally-paoked ruma with central stuffing boit-s 
and ojlittdrioal valve chambers, each valve having its owu 




chamber. A Bectional viBw throu^th a pair of the valve 
boxes or chambers (one suutiou and une delivery) ia given 
at fig. 39. The slide valvea at the steam end are operatei.1 
under the well-known duplex-lever system. 

Evans' Htbraulic or Water Motor Pump. 
This pump (iUiiatrated by fig. iO) ia cooBtructed for 
working by water instead of steam. By iitiliaing tho motive 
power of a given head of water, a lai^er quantity of water 
may be thereby pumped to a relatively lesa height, or 
relatively less qiiuutitj of water may be pumped to a greatt 
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heiffht than the head of motive column working the piini]i. 
It has been «peciiilly deaigneil mid eonstnictfld for drainitij,' 
"dip" workings in mines or collieriea, and it will work (juite 
jaUB&ctorily when entirely anhmerged by wat«r. 

The niftkera state that they '' supply theae motors chiefly 
for underground use, in mines where water has to be 
pumped up from dip workings to the shaft bottom, and they 
pre found to be very convenient for the purpose." They 
further state : " We have frequently applied these motora 
ill poaitiouH where the water pipes have had to be carried 
50O or 600 vards to the piimpa, and we have them working 
in some cases uudcr high presi^ures, up to nearly 2,000 feet 
head ; on the other baud, we have also applied them in coses 
whera the head of water to drive them haa been us low as 
2fift., and forcing ngainat a head of 300 ft. or 400 ft. 
Doriug the oolUery strike in the County of Durham, some 
yeara ago, a number of these pumps were left working down 
the pits for a period of three months ; the water rose over 
them from various causes, chiefly bemuse the main pumping 
engines wero not kept regularly iit work, but they still con- 
tinued to work alone, and when the strike was over and the 
main engines set going these motora pumped themselves 
out" 

WoBTiiiNGTiPN- Mine Pumps, 

The Wortbington compound mine pump, illustrated at 
fig. 41, is of the externally packed plunger or ram pattern. 
The two rams at the water end of the pump work through 
central atnfhng boxes, as illustrated, into four separate and 
diatinot water chamber:^, any one of which can thus be 
renewed. Pumps of this pattern are designed to safely 
withstand a working pressure of 300 lb. to the square inch, 
and the mukera state that all the attachuiouts are especially 
streagtbened with a view to meeting the rough usage and 
hard work to wluch, in mine service, they are liable to be 
subjected. 

Fig. 4-2 illustrates the Wortbington triple-expanaion r 
pump (pressure pattern). This pattern is designed for use 
in cases where the head to be pumped against exceeds 300 lb. 
per aqoare inch. The sub-division of the parts at the 
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«Dd it oarried still further iu this type, for, as will be seen, 
in addition to the tmu'itruotion of tno pnrt pump clnmlfers , 
with flftnfTB joiiit cmitieLtiona the vahcs iire urraugLil 
series of vilve bo>L<?i or i«Dt ciiimli n ^vh bo\. coutmns 




one or more nuiail valves having a low lift, mid wliicli s 
easily accessible by screwing back the nuts on the eye bolts 
and removing the Ijox eovors. 

Special features in this puaiping engine are the [ateuteii 
method of connecting the three steam piatonH, iind the 
semi-rotiitive or Corliaa-type vah-es. Fig. 43 is a vertical 




longitiidinal section through one aide of the steam end of 
the engine, and lig. ii ft horizontal longitudinal section of 
the same shoeing the arrangemeut of the piaton rods. Each 
cylinder is provided with a single valve placed centrally 
beneath it, hut the liigb-preaaute cylinder has, in addition, 
4 pair of adjustable cut-off valves. The valves serve 
to drain the cylinders, and by their own weight and 
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the pressure of steam on the unbalanced area, the valves 
are kept steam tight, and are free from the tendency 
to fall away from their seats which exists when invert.ed 
valves are employed, as is generally the cd,se if they 
are placed beneath the steam cylinders. The two high- 
pressure cylinders (one on each side) are bolted directly 
to the cradles of the pump, with the intermediate cylinders 
next, but there is an intervening space between the adjacent 
covers of the high and intermediate pressure cylinders. The 
low-pressure cylinders are bolted directly to the intermediate 
cylinders, and are thus at one extreme end of the pump or 
pumping engine. The high-pressure piston rod is coupled 
directly to the pump rod. Between the high-pressure 
cylinder, and the pump end there is a crosshead to which 
are attached two side rods connecting to the low-pressure 
piston, whilst the latter is connected by a central rod with 
the intermediate piston ; the said central rod works through 
a long metallic sleeve made an exact fit to the rod, whereby 
the use of a stuffing box is avoided. 

The makers claim the following advantages for their 
method of connecting the pistons : — 

1. In this construction each of the three pistons and the 
interior of the cylinders are accessible by removing their 
respective cylinder heads, and each of these heads may be 
removed readily and without any interference with any 
piston rod or stuffing box. 

2. That as each of the pistons is carried at the end of its 
rod, they may all be removed by simply slacking oflF their 
respective nuts. 

3. In this construction the use of keys in the cylinder 
may be entirely avoided, and the effective area of the smaller 
pistons need not be reduced by rods larger than sufficient to 
carry their respective individual loads. 

4. The direct course of steam between the high pressure 
and intermediate and low pressure cylinders in the order of 
expansion is retained, and in case of repairs, either the 
intermediate or the high pressure pistons and valves, or 
both, or the low pressure valves, can be removed and the 
engine run with the remaining cylinders or cylinder. 

In the construction of their triple expansion pumps such 
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as illustrated, the usual practice of the Worthington Pump 
Company is to fit the low pressure cylinders with dash relief 
valves to regulate the length of stroke of the engine, and 
to steam jacket the intermediate and low pressure 
cylinders. 

With regard to economy the makers give the steam 
consumption of their ordinary triple expansion condensing 
mine pumps at about 22 lbs. per useful or pump horse power 
per hour. 

Arrangement of Condensers in Mine Pumps. 

With pumps fixed in underground workings it is in many 
cases necessary to employ a condenser if only for the purpose 
of disposing of or " killing " the exhaust steauL For some 
services an air pump condenser either arranged independently 
or worked from the pump itself may be adopted. But it is 
frequently more convenient and sometimes e««sential to 
employ a surface condenser. In the water passing through 
the pump we have an ample supply of the condensing 
medium available. The surface condenser can be arranged 
either on the suction or the delivery side of the pump, so 
that the water flowiLg into or from the pump during its 
working is caused to pass through the condenser. The 
steam is thus effectually disposed of, and at the same time a 
vacuum is produced resulting in economical working of the 
plant. An air pump will be necessary and this may be 
either worked independently or be attached to and worked 
by the main pumping engine. 

Bank or Surface Engines for Mine Pumping. 

Both rotative and non-rotative pumping engines fixed at 
the ground level are employed for mine pumping. Of the 
former type the oldest and best known is the "Cornish." 
The name "Cornish," which is in these days adopted for 
quite small direct-acting non-rotative or non-flywheel pumps, 
was originally applied to the single-acting pumping engine 
invented and introduced by James Watt and his associates 
as an improvement upon the Newcomen. It comprises, as is 
well known, a single cylinder containing a piato\i CQ\ma^\.^<i. 
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to one end of an overhead beam ; to the opposite end of the 
beam the weighted pump rod is connected. The steam 
pressure acting upon the upper side of the piston raises the 
rod, whilst by the descent of the latter the water is forced 
through the rising main and the piston dra^n to the top of 
the cylinder in readiness for the next cycle of operations. 

Such engines are still constructed, and by compounding 
Mr. Henry Davey (of Messrs. Hathom Davey and Company 
of Leeds) states that he has successfully employed a steam 
pressure of 1501b. per square inch for working a Cornish 
engine. 

Fig. 45 illustrates a small mine pump or well pump, as 
made by Messrs. Frank Peam and Co. Limited, of West 
Gorton, Manchester, having the steam motor or engine at 
the ground level directly connected with the pumps fixed in 
the well or pit. The engine is of the " Cameron " type, 
whilst the pumps, which have externally packed rams, can 
be so arranged that their rods are in tension (instead of in 
compression, as is usual) during the delivery of the water. 

An old non-rotative type of mine pump is the "Bull" 
engine, in which there is no overhead beam, the cylinder at 
the bank or surface level being placed directly over the 
pump proper in the mine ; the piston rod can thus be 
directly connected to the pump rod. The system of work- 
ing, or the cycle of operations, is the " Cornish." 

Modem surface engines of the non-rot}\tive type for mine 
pumping aie frequently arranged horizontally, the motion of 
the piston being transmitted through a rod to one end of a 
rocker, angle bob, or quadrant pivoted adjacent to the pit, 
and having the rod from the pump fixed below connected to 
its opposite end. In the Davey pumping engine a pair of 
■quadrants or angle bobs working separate pumps are 
■employed, and these are so coupled together that the one 
serves to balance the other. 

Sinking Pumps. 

Sinking pumps for suspending in a shaft during construc- 
tion, for recovering flooded mines, and for similar services 
Are made by most large pump makers. Such machines 
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must be very compact in deai^ ao that the space occupied 
shnll be reduced to a miDimum, and capable of withstaading 
the Teiy rough handling they are sure fai experience in 
aerrice. Fig. 46 illustrates a dilTerentitil ram (outside 
packed) sinking pump by Messrs. Joseph Evans and Sons, 
of Wolverhampton. A sectional view of the water eud ot 




such a pump ia given at fig. 47. The difFerential ram acts 
in the same way as the well-knowu bucket and plunger, or 
Tom and bucket pump, in that although the pump is single 
acting on the suction side, it ia double acting ou the delivery 
side, for there is a dischai^e on each stroke. On the up or 
suction stroke of the ram the amount of water flowing into 
the lower pump chamber through the auction valve equals 
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the area of displacement of the larger end of the ram. On 
the down stroke this water is displaced from the lower 
chamber and forced through the delivery valve into the 
upper chamber, where the displacement equals only the 
difference between the areas of the two ends of the ram, 
such difference being usually equal to one-half the area of 
the larger end, or one end of the ram has twice the cross 
sectional area of the opposite end. Thus one-half of the 
water is discharged from the upper chamber on the down 
stroke, and the other half on the up stroke of the ram, and 
the work is thereby equalised as in a double-acting pump. 

The pump illustrated is suitable for heads up to 600 ft., 
and the steam cylinder for steam pressures up to 100 lb. per 
Rquare inch. The valve motion at the steam end is the 
Evans' and Tonkins' Patent, and is such as previously 
described in connection with another pump (fig. 37) by the 
same makers. 



CHAPTER VIII. 

Hydraulic-pressure Pumps. 

Hydraulic machinery may be worked with a pressure of but 
a few pounds, or as many tons per square inch. But the 
term "pressure pattern" or "hydraulic pressure'' is not 
generally applied to pumps working at pressures under 
2001b. per square inch. Pumps working at pressures of 
from 1 to 3 tons are generally described under the class or 
heading of " high-pressure hydraulic machinery." 

A greater intensity of pressure than 3 tons per square 
inch is seldom adopted in practice, owing chiefly to the 
cutting or erosive action of the water, due to the enormous 
velocity at which it will be propelled by such a pressure 
through the valve apertures and connections. When it is 
remembered that a pressure of 3 tons per square inch will 
produce a velocity of about 1,000 ft. per second, or 11 miles 
)r minute, there will be no difl&culty in appreciating the 
\portance of keeping the water quite clean in high-pressure 
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hjdraulio woi^ The presence of grit will set up a most 
destructive sand blast action as the water rushes through 
the TalT« ports aad the connections generally And it must 
also be remembered that where cylinders are employed, 
having a great thickness of metal to resist the high pressure 
within, the stress is not equally distributed f^r the metal 
nearer to the interior wi'l bear a K^ater proportion of the 
load than that at the exterior Cylinder castings, b 




of such unequal distribution of the stress set up by the 
internal pressure, have been known to fail by the gradual 
cracking of the metal from the interior towards the 
exterior. 

When high pressures are employed only a very moderate 
quantity of water is usually required, and the cylinders and 
rams or plungers at the pump or water end of a steam 
pumping engine for such hydraulic services are, therefore, 
of but small dimensions. It may be, indeed, that the rams 
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are so small as to render it somewhat difl&cult to provide 
sufl&cient rigidity, and to effectually pack the glands through 
which they work. A differential ram, such as illustrated in 
the sectional sketch diagram at fig. 48, may then be 
advantageously adopted. As will be seen, the ram has two 
diameters, so that on its up stroke, or its movement in the 
direction indicated by the arrow, a vacuous space is formed 
in the cylinder, and the water thus enters through the 
suction connection a ; whilst on the down stroke there is a 
corresponding displacement, whereby water is forced out 
from the cylinder through the delivery connection b. Both 
the suction and delivery connections are, of course, provided 
with suitable valves. With only a small difference in the 
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areas of the respective ends of the ram, there will be but a 
small discharge on each pump stroke, and thus we can 
provide ample cross-sectional area throughout the ram to 
resist any desired intensity of pressure, without affecting 
the quantity of water delivered. 

Fig. 49 is a sketch diagram of the ram and piston type 
of Avater end frequently employed in rotative hydraulic 
pumping engines, for the purpose of obtaining the advantages 
of the equalisation of the work, and a steady flow resulting 
from a double Eiction on the delivery side, wdth the simplicity 
of a single action on the suction side. The same result is 
thus obtained as with the differential ram sinking pump, 
illustrated at fig. 47 in our last article. The piston must, 
of course, be packed wiih hemp or the like, or with self- 
acting leathers. Our fourth chapter contains some particulars 
concerning packing. 
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Pbabn'b Hidbauijo Pumpiso Ehoineb. 

FigB. 50, 51, and 52 illuatrata three types of hydraulic 
pumping engiaes, as constructed by Messrs. Frank Peam 
and Co. Limited, of West Gorton, Msnchester. 

In the type ilhistrated at fig. 50 there are three single- 
acting rams, each of which is directly connected by a. yoke 
piece to the piston rod of the steam cylinder mounted above 
it. The crank shaft, which operates the st^am slide valves, 
18 driven from the yoke after the manner of the " Cameron " 
type boiler feed and general service pump. The makers 
give the following description : — 

"This type of pump is largely used for working accumu- 
lators, &c Having three rams, the delivery ia very 
continuous when working direct without an accumulator. 
It is very suitable for presses, cranes, hoists, lead presses, 
&o., &C. It is made in several sizes to work at pressures 
from 700 lb. upwards. It is very compact, and all parts are 
easily apceaaible. The crank shaft ia made of forged steel, 
and works in gun-metal bearings, all adjustable; the 
connecting rods are of beat hammered iron, and are fitted 
with gun-metal hearings at each end, all adjustable." 

The horizontal type rotative or flywheel hydraulic pump- 
ing engine, illustrated at fig. 51, affords ft practical eKnmple 
of the ^.^m and piston type. The makers give the following 
description : — 

" This pumping engine ia designed for working hydraulic 
presses, hoists, cranes, winches, capstans, ic, either direct 
or in connection with an accumulator. It is made in 
numerous sizes, either high pressure, compound, or con- 
densing, and to work against pressures up to 1,0001b. per 
square inch. The pumps are single acting on the suction, 
and double acting on the delivery. They are brass lined, 
and fitt d with gun metal pistons with cup leathers." 

F g 5 11 t ation of a hydraulic ram type pumping 

engiQ tabl f ery high-pressure work. Each pump 

w t d p ided with a pair of rams which are 

B ngl t b t b ng coupled together by outside rods, 

and k 1 1 th piston rod, a double action is obtained, 

btth uction and a delivery action on each 
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Btroka of the steam piatoii. The uomplote engine ia made 
up of two steam cylinders, each ooniiected with a water end 
carrying two rams. Thus on each revolution of the crank 
shaft we have four suction actions and as many deliveries, 
or in other words, we have a four-throw piimp action 
ensuring a continuous flow through the discharge pipe. 
The makers give the following description ; — 

"This is a very high-olasa type of engine, specially 
designed for high speeds and heavy presaurea up to three 
tons per square inch. The pumps are made of solid forged 
uteel ; all the passages, valve uhamiwrs, and pump barrels 
are bored out. The rams are made of phosphor bronze; 
they are outside packed, of easy adjustment, and supported 
at each end by suitable croasheads. The steam cylinders 
are cleated with sheet steel, and fitted with sight-feed 
lubricators, steam atop valve, and drain cocks. The engine 
can be worked either direct or through an accumulator." 

Kick and Co. 'a Hydraulio Pumpikq Engine. 

Fig; 53 is an iilustration of a rotative hydraulic pumping 
engine, as couatructed by Messrs. Rioe and Co. (Leeds) 
Limited, of Neville Works, Elland Road, Leeds. The 
makers give the following description :— 

" The illustration shows our standard typo of steam- 
driven pumping engine, driving direct on to four single- 
acting pump rams. These engines are strongly constructed 
to suit the heavy and continuous work they have to do. 
They are provided with ample bearing surfaces throughout, 
so that they run very smoothly, and the wear is inappreci- 
able. The bed plate is an iron casting of strong section, 
having the crauk-ahaft bearings cast solid with it, and for 
convenience of transport the larger sizes are made in halves, 
which are tonguod and bolted together, making a very rigid 
Bonneotiou. The crank arms are of mild cast steel, shrunk 
and keyed on to a forged steel shaft running in phosphor- 
bronze bearings. The crank-shaft bearings are mode 
adjustable in the horizontal direction. The connecting rods, 
valve spindles, etc., are of mild steel. The cylinders are of 
hard close-cast iron, aui the pistons are packed with cast- 
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iron ringa and Oldham'a patent steel spiral coils. The pmnp 
bodiea are of a very strong misture of cast iron, and are 
fitted with phoaphor-broQze glands and bushes. The valve 
and valve casea are of phosphor bronze, and made with good 
free openings for the auotion and delivery. These engines 
are controlled by a Porter loaded governor, which is coupled 
to the eqnilibrinm valve lever. This lever is arranged ao 
that, when pumping into an accumulator, the accumulator 
can be connected to it in aucfa a way that the engine is 
stopped as soon as the loaded ram reaches tlie top of ita 
Bt.roke, and started again as soon as the ram begins to 
descend, thus keeping the supply of water completely under 
control and economising steam. The cylinders are covered 
with cold-rolled steel sheeta, and fitted with drain cooka and 
lubricatora, and the whole engine ia well finished throughout. 
The pumps are supplied complete as shown, and are made 
suitable for a working pressure of 1,5001b. per square inch 
(100 atmospheres), but can also be made for any working 
pressure required." 

WoRTHINQTOK Hydraduc Pump, 

The non-rotative hydranlio-presaure pump, or pumping 
engine, as constrncted by the Wortbington Pump Com- 
pany, ia built on similar lines t« the triple-ei pans ion 
mine pumping engine by the same makers, described in our 
last chapter, and illustrated by the tig. i2 therein. Koch 
pump or water end ia provided with a pair of externally- 
connected rama, and with separate chambers for the valves. 
The enginea are supplied for services up to 8,000 lb (about 
3J- tons) per square inch, and with simple, compound, or 
triple-expansion ateam cylinders. 

Wortbington hydraiilic-preaaure pumpa are for certain 
purposes sometimes bolted directly to a steam accumulator. 
The accumulator consists of an ordinary ateam cylinder 
(such as would be used in a ateam engine, but without the 
uaual porta or valves), combined with a ram cylinder 
similar to that of a weighted accumulator. But no weighta 
are employed, as the steam pressure acting on the piston 
within the firi<t-named cylinder imposes the desired force 
OD the ram, tbe latter beiu^ aecurely bolted to the piston. 
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The makers state thut " the advantage of this accumulator 
over the ordinary iveightfid accumulator can be readily 
understood. The moat important and marked difference is 
in the effect on the water pressure. The steam accumu- 
lator is not subject to the tremendous shocks and jars due 
to the Diomentum of the weights of the weighted accumu- 
lator. Tho moving parts of the steam accumulator are so 
light that momentum is not a factor. The machine is very 
sensitive, and the variations of the water pressure very 
slight The steam accumulator con bo adapted to any 
spaue, as it can be placed either horizontally or vertically, 
and as it is not heavy it can even be hung from roof beams 
if necessary." 

The makers further state that Worthiugton combined 
steam pumps and accumulators, as aforesaid, have been 
extensively used on the cruisers and battleships of the 
United States for general hydraulic service and for working 
the gun carriAges and turrets. 



CHAPTER IX. 
Modern Savebt-ttpb Pumps. 

Keferxnox was made, in our article dealing with mine 
pumps, to tho original Savery pumping engine of the year 
1698, in which the steam is employed for the creation of a 
vacuum in the pnmp chamber, and by ita contact with and 
direct pressure on the wat«r, subsequently entering the 
chamber, for forcing such wHter through the delivery or 

In the original Savery engine the condensation of the 
steam within the chamber was oftected by the application of 
cold water to the exterior of the vessel, but in the modem 
form the water passing through the pump is the condensing 
medium. There is no exhaust steam to be dealt with, 
either in the original or the modem Savery engine. 

The Savery-tjpe engine, as now made, is known by various 
&ndfal names, and is sometimes described as pistonless, as 
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pulsating, and as a Bteam vacuum putnp. But as puoipa of 
a totally different tjpe may have the same dcacriptive terms 
applied to them, the appropriatioa of such terms by makers 
to a particular pump of their own is productive of cousider- 
nble coQ^sioD. Just as "Otto-t;pe" ia the recogoised name 
for gas eugines working on the c^cle originated hj Dr. 
Otto, so should the tjpe of pump in which the steam for 
performing the work is admitted into the pump chamber 
itself^ to act directly upon the water, be associated with the 
name of the Cornish mining captain by whom it was invented 
and first applied more than two centuries ago. 

We give hereunder some particulars of the variouB forme 
of the Savery-type pumps, under the names and with the aid 
of the descriptions and illuetrationa supplied by the makers 
themselves :■ — 

Toe Pdlsometer. 

A sectional view of tliis well-known pump, made by the 
Pulsometer Engineering Co. Limited, of Nine Elms Iron- 
works, Reading, is given at fig. 54. The makers describe 
it as conBistiug " of a single casting called the body, 
which is compoaed of two chambers A A joined aide by side, 
with tapering necks bent towards each other, and aurmounteil 
by another casting called the neck J accurately fitted aud 
bolted to it, in which the two pasaa^res terminate in a 
common steam chamber, wherein the ball valve I is fitted so 
as to be capable of oacilJation between seats formed in the 
junction. Downwards, the chambers A A are connected with 
the auction passage C, wherein the inlet or auction valves 
EE are arranged. A diauharge chamber, common to both 
working chambers, and leading to the discharge pipe, ia also 
provided, and this coutaina one or two valvea F F, according 
to the purpose to be fulfilled by the pump. The air-uhamber 
B communicates with the suction. The auction and dis- 
charge chambers are closed by covers H H accurately fitted 
to the outlets by planed joints, and readily removed when 
acoeaa to the valves is required ; in the larger sizea hand- 
holes are provided in these covers. G G are guards which 
control the amount of opening of the valves E K Small 
HF^ocks are aorewed into the cyfinders and air-chamber, for 
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use as will ba hereafter deacribed. These are the general 
outlines of tlie conatriictioa of the ftpp»ratii8, and they are 
sufficient for the understanding of the nature of its 
operations. 

"The pump being filled with water, either by pouring the 
aame through the plug-hole in the chamber, or by drawing 
the chaise, aa cau readily be done by attention to the 
printed directions, is ready for work. Steam being admitted 
through the steam pipe K (by opening to a small extent the 
stop-valve), passes down that side of the steam neck which 
is left open to it by the position of the steam ball, and 
presses upon the small surface of water in the chamber 
which is exposed to it, depressing it without any agitation 
and, consequently, with but very slight condensation, and 
driving it through the discharge opening and valve into the 
rising main. 

" The moment that the level of the water is as low aa the 
horizontal orifice which leads to the discharge, the steam 
blows through with a cert^n amount of violence, and being 
brought into intimate contact with the water in the pipes 
leading to the discharge chamber, an instantaneous condensa- 
tion takes place, and a vacuum is in consequence so rapidly 
formed in the just-emptied chamber that the steam ball is 
pulled over into the seat opposite to that which it bad 
occupied during the emptyiitg of the chamber, closing its 
upper orifice and preventing the further admission of Bt«am, 
so allowing the vacuuiu to be completed ; water rushes in 
immediately through the suction pipe, lifting the inlet valve 
K, and rapidly fills the chamber A again. Matters are now 
in exactly the same state in the second chamber as they 
were in tie first chamber when our description commenced, 
and the same results ensue." The makers further state that 
the " change is so rapid that, even without an air vessel on 
the delivery, but little pause is visible in the flow of water, 
and the stream is, imder favourable circumatancea, very 
nearly continuous. The air-cocks are introduced to prevent 
the too rapid filling of the chambers on low lifts and for 
other purposes, and a very little practice will enable any 
unskilled workman or boy so to set them by the small nut 
titat the beat effect may be produced. The action of the 
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steam ball is aertain, and no matter bow long the pump vaaj ' 
have beeu atandisg, it will start as bood m dry atetaa is I 
admitted." 

In tke illuBtrfttion nt fig. 54 the pump ia ahown fitted with 
grid vftlves having rubber discs. For services where the 
action of the water to ba pumped is detrimental to rubber, 
the makers employ clack valves couBiBting of a hinged i 
plate or body wiUi hickory aeats, though it is to be noted 
that suoh valves are somewhat a 




Fig. 55 is an eitemal view of a later type pulsometer, 
feaving hinged doors to allow of mora ready and convenient 
aoceaa to the valves. 

For attaining a more economical use of the ateara the 
Pulsometer Company arrange their "Oral" cnt-off valve at 
the upper end of the pump. A sectional illuatration of the 
upper end of a, pulsometer fitted with a Grel valve ia given at 
fig. 56. The makers thua describe the a 

"The operation of the combined valve is as followa; 
Commencing at the moment when the left-hand chamber D ] 
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ia full of water, and the distributing valve C has moved to 
close the right-hand chamber E and open the left-hand 
chamber D, the expansion valve being open, the full ateam 
pressure enters the left-hand chamber D and partially 
empties it During this time, steam has been entering the 
special chamber F through the orifices G and G', thereby 
increasing the pressure therein, and aa the water in the body 
of the pump falls there is a reduction of pressure without 
this chamber, the efiect of which ia to canae the movable 
part F of the expansion valve to riae and cut off the steam 
by closing the ateam pipe. The expansion of the ateam imd 
the eipulsion of the water continiiea until the chamber is 
nearly emptied, when the difference of presaurca in the pnmp 
chambers brings over the distributing valve C. By this 
time the escape of the steam from the chamber F permits 
the pressure of steam in the steam pipe B to depress the 
movable part of the valve, and the steam ruahea in to eipel 
in tnin the water which has flowed into the right-hand 
chamber during the emptying of the left-hand chamber, 
the correct working of the valve depending on the proper 
manipulation of the regulating screws." 

The " AQna-THRosTKR." I 

Fig. 57 represents an external view, and fig. 58 a sectional 
view, of this pump, which is made by Meaara. W. H, Bailey 
and Co Limited, of Albion Works, Salford. Aa will be 
observed, the spherical or ball valve for controlling the 
admiaaiou of ateam m the pump laat considered is in this 
machine replaced by a rockiug plate or disc. In connection 
with the aectiouai view, the makers supply the following 
deacnptinn — 

" The left-hand chamber is filling whilst the right is being 
emptied by the steam which is being admitted by the valve 
in the head of the pump. By tlie time the rightband 
chamber is emjitied the left one has filled ; the valve is drawn 
to the right, and the steam now forces the water out of the 
left-hand chamber and through the delivery valves, and 
water rushes into the right-hand chamber through the 
suction valves." 



Id their trade lists, the makers give ttie capacity of their 
VUiaps in the number of ^iillona of water lifted a total height 
of 3211 with 60 lb. steam pressure per atjuore inch, statiug, 
haffever, that » lesser quantLty can be raised to such a 
height with 26 lb. to 30 lb. st«am pressure. 

Thb "Fluombtbb." 
This pump, bvMeasrs. Joseph Evaua and Sons, of Wolvar- 
^pton, is illustrated in its original form at 6g. 59. Fi^'. 
sO 19 a sectional view of a later pattern. 

In this pump the steam controlling valvo is dispensed 
*rtJi. A is the working chamber, B the suction, and C the 
aehvery valve. The action is described as foUows : — 

" The steam flowing in through the stijam pipe depresses 
'''8 Water in the working chamber A, driving it through the 
iielivery valve C, and up the delivery pipe; this is done 
''ithoiit disturbance of the level, consequently the top layer 
"' Water in immediate contact with tlie steam becomes 
"Sated, and by reason of its specific gravity remains at the 
'^ft thus preventing further condensation, a portion of the 
*atflr passing into the injection chamber E through the 
'*llet E, where it remains under a pressure equal to that in 
'■he working chambers. In this manner the water level falls 
•tiitil it arrives at the off-set J, when a violent disturbance 
^akes place, and a reduction of pressure is in consequence 
tirought about. The injection water now rushes in from the 
Chamber E, and completes the vacuum, causing a fresh 
Supply of water to enter from the suction pipe. The inrush 
^f the suction water is so violent that it is necessary to 
*estriet the passage way into the pump at the lower 
extremity of the working chamber and to take in a small 
amoimt of air through the suift valve G. This air serves 
the double purpose of cushioning the flow of the water, and, 
in subsequently mingling with the steam, prevents con- 
densation of the latter by reason of its low conductivity. 
The working chamber A being now filled again, the action is 
repeated as long as the steam remnins on and there is water 
to pump." 
7cp 
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Steam Conbcmptios in Savbry-type Pomps. 
Tbe great advantage of thesB pumps ia their extreme 
simplicity of coustruction and their general handines3. 
They will work as well hung from a chain as if permanently 
fixed, and pump mud, slurry, and water containing a con- 
Biderable quantity of solid matter, auch as would quickly 




render naeleas the wearing parts of other pumps. As a set- 
off against this, we have wbat is aometimes referred to as 
the "steam-eating" power of these pumps. But though 
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they undoubtedly have a cousiderable appetite, the ateam 
coDSumption of Savery-tvpe pumps is not so enormous as 
ia Bometimes assumed, aud iudeeii, under certain couilitious, 
they will compare favourably in this respect with ordinary 




pumps ia which pistons and rams or plungers are inter 
between the steam and the water which it raises. 

Reference was made in Chapter V. to n paper 
before the Institution of Mechanical Engineers in 189 



losed 

read ^H 
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Mr. A. Borodin, on the working of steam pumps in Russia. 
The author of that paper givea particulars of a teat of a 
aniall Savery-type pump (of leaa thau one-half actual horse 
power) showing n steam consumption of 860 lb, per pump or 
useful horse power per hour, or 3,300 foot-pounds per pound 
of steam. In the discussion on the paper, one member gave- 
the at«am consumption, obtained by a rough calculation from 
the perfgrmanoe of a Savery-type pump he bad employed, 
as 4,300 foot-pounds per pound of ateam, which is equal to- 
460 lb. of steam per pump horse power per hour. From a 
teat by another member, a at«am consumption of 306 lb. per 
useful horse power per hour was given by a pump discharg- 
ing 70,000 gallons per hour. But from the result (also 
presented during the diBcussioD) of a trial made by Professor 
T. H. Beare, on behalf of the Pulsometer Company, with a 
pulaomet«r fitted with the Orel controlling valve, a con- 
sumption of biit 148 lb. of ateam per horse-power hour was 
obtaiued, or 13,415 foot-pounds of work doue per pound of 
ateam consumed. The conditions under which the teat was 
made were described an follows : An unladed vertical boiler 
standing in an open yard, and an unladed ateam pipe 62 ft. 
long to the pulsometer ; mean boiler prassuro 56 lb. per 
square inch, feed water supplied 361 lb, per hour; measured 
height of lift 73 ft, or by pressure gauge 84'4 ft., including 
friction. The water pumped was 5,738 gallons per hoar, 
which, against the head of S4'4ft., represented 2'45 horsa 
power. 

The results given above should be compared with th© 
particulars we have previously given concerning the steam 
consumption of pumps of the boiler-feed type. It will be 
found that the pulsometer working eipaosively, as deBcribad, 
compares very favourably with many of such pumps. 
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CHAPTER X. 

Power Pumps. 

The operation of every pump is effected by the application 
of a power or force of some kind, but the term "power 
pump" is employed both in this country and in America as 
descriptive of a pumping machine which is driven through 
belting or through gearing, or both. We have previously 
■considered self-contained pumps, or pumping engines as 
they should properly be termed, in which the motor or 
motive power machine is formed integrally with the pump 
itself. But a power pump receives motion only by trans- 
mission from an independent motor, which may also be 
giving out power for several other purposes. 

The simplest power pump, and the most quiet in working, 
is made by connecting the pump rod or rods with a crank 
fihaft which is driven by a belt without the intervention of 
gear wheels. The working of a geared pump is always 
attended with noisy rumbling, and if the gear wheels have 
their teeth cast with them, and are of the type generally 
turned out from an ordinary foundry, there will also be 
intermittent knocking so disturbing as to make the pump 
altogether inadmissible for some services. With accurately 
cut gears — ensuring efffcfual contact of the engaging 
teeth throughout their entire width, and thus permitting 
•of the employment of a fine pitch — the noise is much 
lessened. The improvements elfected in recent years in 
wheel cutting machines, and machine tools generally, have ' 
made it possible for makers to employ w^heels of considerable 
■size, having teeth cut from the solid metal, without putting a 
prohibitive price on their pumps. 

The practical incompressibility of water is exemplified in 
a most impleasant manner in the working of a power pump 
fitted with wheels having teeth which indifferently gear with 
each other, and have appreciable " back lash." Fig. 61 is a 
sectional sketch diagram representing a geared power pump. 
On the out-stroke of the water piston A (or itci trLOVQ«vek\x!t. 
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in the direction indicated by the arrow 1) the water pressuro 
will act upon the front end of the piston, and the connecting 
rod E will be in tension. Aa the connecting rod upproachea 
and paaseH over the " dead centre " C the piston will be 
brought to rest, and its out-atroke thus completed. But aa 
the uouaecting roii moves uway from tts dead centre the- 
piston B, on commencing its return stroke, impinges upon 
the water at the bock of it. The pressure is thus suddenly" 
transferred from the front to the buck of the piston, and the- 
connecting rod ia relieved from the tensile aud subjected to- 
a compressive stress. There is no cushioning effect ; tho 
piston is aa suddenly obstructed as though it had impinged 
upon an armour plate. A similar water hammer uotion 




being set up at the end of every stroke, or twic 
revolution, it will be readily underaiood that a violent 
knocking must occur if the pump pear wheels have much 
" back Insh " between the eugaging teeth. 

For pumping against heavy pressures, and for dealing 
with large quantities of water, the use of gearing in a 
power pump ia generally unavoidable, but unless the 
setting up of a noise rivalling that of a steam hammer is of 
no moment, every care must be token to eusuro that tho 
wheels shall gear in a very efBcient manner. 

Power RBqtiiRBD. 

The theoretical horse power required to raise a given 

quantity of water in a certain time, through a stated height, 

w atDipiy the product of such quantity in pounds delivered 
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p9r minute and the height in feet, divided by the number 
of foot-pound units representing 1 horse power, viz., 33,000. 
Thus the theoretical horse power required to raise 100 
gallons (1,000 lb.) of water per minute through a height 
of 100 ft, is— 

^QQQ - ^QQ » 3 03 H.P. 
33000 

It should be remembered, in referring to the catalogues 
of pumping machinery by both British and American 
makers, in which tables are frequently given, that whereas 
a British imperial gallon has a capacity of 0*16 cubic feet, 
and contains 101b. of water, the United States gallon has a 
capacity of but '133 cubic foot, and contains only 8*33 lb. of 
water. Thus the theoretical power required to raise 100 
United States gallons per minute through a height of 100 ft. 
will be but 2*50, as against the 3*03 horse power for 100 
British gallons. 

But in providing for the working of a power pump, we 
must remember that the friction of the moving parts of the 
pump itself, of the gearing, and of the water through the 
pipes will absorb a considerable amount of power. In some 
cases the power so absorbed may equal the power required 
to raise the water — in other words, the mechanical efficiency 
of the pump (or the ratio between the actual work obtained 
from the pump and the amount of power applied to it) 
may be as low as 50 per cent. 

In calculating the theoretical power, it is, of course, the 
full height of lift that must be taken, or the height from the 
surface of water to be pumped to the highest point in the 
rising main. The height of the suction lift of the pump 
must not be deducted. 

Size of Belting. 

A power pump, as sent from the makers, may or may not 
be provided with a belt or driving pulley. When a pulley 
is provided the makers are usually careful to employ one of 
such a width of face as will receive a belt of ample strength 
to transmit the necessary power. Good leather beltinof will 
safely withstand a working stress of 70 lb. per inch width of 
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single belt. The ratio between the tension on the tight sitle 
of a flat belt oud the pull ti-aiismitted thereby to the rim of 
a pulley will depend on the lenf,'th of the arc of contact 
between the belt and the I'liUeys aronnd which it passes. 
The greater the ratio betweeo the diameters of a pair of 
pulleys, and the nearer they are together, the less will bo 
the arc of contact between the belt and the smaller pulley, 
which is the one that must be considered. With equal 
pulleys the arc of contact on each will be the semi-circum- 
ference, and the ratio between the tension on the tight side 
of belt and the pull trauamitted to the pulley will then be 
5 : 3, BO that with TO lb. tension per inch width on the tight 
Bide of belt the pull transmitted to the pulley rim will be 

70 X J = 421b. 

With double belting we may transmit a pull of just 
double the intensity penniBaible with a single belt, or 8+ lb. 
at the pulley rim, aa agaiuat 42 per inch width of single 
belt. 

The width of belting required can be readily calculated 
when we know the rim apeed at which the driving pulley 
must be run and the rate at which the water is to be 
pumped. As an example, let us assume that we have a 
power pump with a 6iin. double-acting ram or water piaton, 
and a Stroke of 12 in., which is supplied by a maker for a. 
delivery of 5,000 gallons per hour, against a total head of 
240 ft., when the crank shaft is run at 35 revolutioila per 
minute. If we know that the belt pulley is 30 in. diameter, 
and that there is a, set of single purchase gearing (or a single 
reduction of gearing, aa the Americana term it), having a 
ratio of, aay, 5 : 1, we can at once calculate the rim speed 
of pulley or the speed of the belt aa follovs : 

Sp^ed of belt 1 = 35 x 5 x 2i x 3i, 
or pulley rim / = 1375 ft. per minute. 

represents the ratio between the circumference and the 
diameter of the pulley. 

Now, the amouut of work required to raiae the water is — 



5000 X 10 X 240- 12,000,000 foot-pounds per hour. 
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Taking the eflficiency of the pump to be two-thirds, or G6*6G 
per cent, then the actual expenditure of work per hour 
must be— 

12000000 + ^^QQQQQQ = ISOOOOOO foot-pounds. 

The speed of the belt and of the pulley rim is, as we have 
seen, 1,375 ft per minute, and therefore the pull required 
At rim of pulley will be — 

18000000 oiQiu 

:rK^^ ir?. = 218 lb. 

1375 X 60 

Thus, in this case, the width of single belting required 

is — 

218 .. 
^2- = 5 m. 

Such a width will give ample strength ; if care is taken to 
«ee that the belt is run with its lower side as the tight or 
driving side, and there is a considerable horizontal distance 
between the pulleys, then, as the belt may be worked with 
but a moderate initial tension, the arc of contact with equal 
pulleys will exceed the semi-circumference, and a narrower 
belt may be employed. 

Types of Power Pumps. 

Fig. 62 represents a vertical type double-ram power pump, 
by Messrs. Frank Pearn and Co. Limited, of West Gorton, 
Manchester. The pump has two single-acting rams, con- 
nected to a crank shaft, which is driven by belting without 
the intervention of spur gearing. The makers recommend 
it for lifts up to 80 ft. vertical. 

Fig. 63 illustrates a vertical treble-barrel geared ram 
pump, by Messrs. Joseph Evans and Sons, of Wolverhampton, 
suitable for heads up to 300 ft. vertical As will be seen, 
the pump is kept very compact by the use of short con- 
necting rods and crosshead guides for the three single-acting 
rams. 

Fig. 64 represents the horizontal form of the same type 
of pump, also by Messrs. Evans. It is without gear, and is 
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' wire-rope driving. Eauh of th»" 
:h a crosshead working in alipps]^' 



designed for either belt 
three rams is provided 

' Fig. 65 illustrates a three-throw horizontal ram or plunger 
pump, by Messrs. H*ywftrd, Tyler A Co., of 99, Queen Victoria 
Sti'eet, Loudon, E.C., having caat-iion orossheads and slipper 
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guides. The pump shown has throe 15 in. plungers, with a 
stroke of 36 iu,, and ia provideil with two sets of gearing 
with sliding iiinioos, so that it may be driven at two speeds, 
for the delivery of 60,000 and 40,000 gallons per hour 
respectively. The belt driving pulley, 10 ft. iu diameter, 
and weighing five tons, acts also as a flywbeeL Ait and 
imiax vessels are attached to the delivery u.a4 ^at^Niso. 
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mainB respectively ; the veasek are of riveted ateel plates, 
and are fitted with gauge or sight glasaes. 




Fig. 66 is an iiiiistratioii of ^uotlier treble-barrpl or tliree- 
tbrow pump, hy Messrs. Hayward, Tyler, aiid Co., to ruiae 
10,000 gallons iwr hour iigainst 500 ft. head. The pump 
has slotted-ateel ci-atika, coat-iron plungers 8 in. diameter, 
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cast-iron glands bushed with guo-metnl, ami gun-met^l 
neck buahea. The valves are of indianibber, on gun-metiil 
grills, with copper ataiks ami j^un-uiotftl guEirila. The aic 




vessel is of riveted ateel plnte, and ia fitted with gauge glass- 
and pressure gauge- The gear wheels are of steel, with 
double-helical teeth, and drive the crank shaft at 40 revolu- 
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tions per minute. The counter shaft, or first-motion shaft, 
boa ft Rodt^er's wrought-iron double-arm pullej. The main 
plummer blocks are tied to the barrels by bright rods, 

A treble-hydraulic pump, by MeBsre. Hayward, Tyler, and 
■Co to work against a pressure of 1,2001b per square iueh, 
IS illustrated at tig 67 The three plungers are each 5J in, 
diameter by 8 m stroke, and with a crank speed of 36 
re%olutioiia per mmute deliver 70 gallons m the snme time. 
Mitra pattern gun metal vilves ire employed norkiog on 
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gun-metal seats. The crank shaft is of slotted steel, 6 in. 
diameter in tie bearings. There are two machine-cut steel 
spur wheels and pinions, and the makers state that each 
l«iir has ample strength to transmit the whole of the 
required power. The width of the gear is 6 in. Spring 
relief valves are provided. 

Fig. 68 represents a triples-horinontal heavy -pressure 
boiler-feed or mine pump, by the Worthington Pump 
-Company, of 153, Queeu Victoria Street, London, provided 
with relief valves. 

Fig. 69 is an illustration of a vertical triplei "stuff" 
pump by the same makers, espeeinjly built for use in paper 
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and pnlp mills. The makers sfctte that the cast nga are all 
very heavy and well proport on 1 that the crauk shaft and 

»oonaeoting rods are of steel the jroara of hard-gear i 
aociimtely cut, an 1 t! e he r 
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lined with heat deoxidised babbitt; The oonnectiiig rods 
adjuatablo ho^ea at both ends, whilst the croaaheada 
ve adjustable ahoeB, and move in ci'Vm>\T\wv\ -ko-i^. ^M 



CHAPTER XI. 
ELBaTRiu Pumps, 

Ofuiinabt power pumps, such an dusuribed and illustrated in 
out IdBt chapter, may bo electrically driven by coQnection 
throi^h belting or gearing with suitable motors. But the 
term "electric pump" ia properly applicable only to the 
combination of a pump and its motor upon the one base or 
fnuning, or with a motor employed for no other service, just 
M the term " steam pump " is descriptive only of a pump 
Vambined with ita own exclusive engine. 

Both direct or continuous current motors and alteruating- 
emrent motors may be employed for electric pumps, but 
motora and electric fittings that give satisfaction on other 
Mrvices may be quite unfitted for the work of pumping 
water. And sa regards the pump itself, it is of extreme 
importance to select a type that will give a steady propulsion 
of the water column. A pump having but one single-acting 
ram or plunger ia most nuBuitable for operation by an 
electric motor, owing to the very irregular distribution of 
the work. A dnplex'type pump having two double-aoting 
plungers, and a triplei-typo pump, are well adapted for 
electric service. 

In some electric generating stationa electrically-driven 
pumps are employed instead of steam pumps for feeding the 
boilers. It has been suggested that the primary reason for 
this practice is that it affords an opportunity of showing to 
visitors the application of electricity^the power on sale — 
to the pumping of water. An electric pump is not, however, 
so well adapted for boiler feeding as a steam pump, chiefly 
because the former lias not that " flesibility of regulation " 
by virtue of which the latter can bo readily set to keep that 
very desirable " constant water level " in the boiler under 
varying rates of evaporation. It ia aometimes urged that a 
saving of fuel is effected by the use of electrically-driven as 
against steam pumps. Such a claim cauuot, however, be 
suatained when the comparison is made with bigh-claas 
pumps. As au example of the results that can be obtained 
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with well designed and construoted ateaiu pumpa, we may here 
meution tbat in a paper on marine ongineeriug, read by 
Mr. Janiea McKechaie, at the 1901 summer meeting 
of the Inatitntiou of Mechanical EugineerB at Barron- 
in-FnTDeBa, he gave resulta of toata which he had made on 
Weir direct-acting (or noii-crank and flywheel) steam pnmpa, 
showing in one case a mechanical efficiency (or ratio between 
the work performed by the steam on the steam piston and 
the work given out by the water plunger or piston) of 94 
per cent, and a steam consumption, in the case of a com- 
pound pump, of 31 Iba. per indicated horee power per hour, 
with a mechanical efficiency of 92J per cent. 

The water output of electrically-driveu pumps ia aome- 
times regulated by means of resistance coils or rheostats, but 
the electrical energy not required for pumping ia then 
simply wasted by dissipation. An American writer has well 
described this and another ayatem in the following terms : 
" The only method of controlling the Bpeed of directKHirreut 
motors known to the average ateam engineer, who as likely 
SB not finds that in spite of his proteats a new electric pump 
has been added to the plant of which he ia in charge, ia to 
pile extra resiatance in the main cironit, and it is not unusual 
to see the rheoatat quite aa large as the motor itself While 
this may answer in a few instanoea, it will never be an 
acceptable solution of the variable speed motor problem, as 
the speed is cut down at the expense of the efficiency, the 
electncul energy is expended in heat overcoming the 
resistance in the many e^tra coils of wire, and it takes Just 
as many amperes from the dynamo to run at 1 roTolutioii 
per minute pumping 1 gallon, aa to run at 1,000 revolutions 
per minute pnmpiug !,000 gallons. The function of a 
rheostat is for stopping and atartiug only ; that is all that 
should be eipected of it. 

" Another method, which ia only a degree better than the 
' resistance rheostat,' is to adopt aome intricate system of 
Interchangeable gearing or clutclies between the pump and 
motor. Such schemes often work out very prettily on 
paper, but in practice they prove too complicated. They 
add to the first cost and bulk of the machine, and render it 
liable to get out of order at the critical moment" 
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A system of controlling the speed of electric pumps — 
with direct-current motors — ^that has given satisfaction 
where a variation of abeut 25 per cent will meet require- 
ments, consists in the employment of motors with specially- 
wound field coils, so that the amount of current flowing 
through the field magnets can be varied (by means of a 
smiall rheostat) for the purpose of varying the speed of the 
armature, and coDsequently of the pump output. Within 
the aforesaid limits of variation the amount of current used 
ia in proportion, with such motors, to the quantity of water 
pumped. 

In another system advantage is taken of the fact that 
" when two electrical uuits are run in series the voltage or 
potential is divided between them, and the speed cut down 
one-half." Thus by employing two motors of equal horse 
power they can either be run in multiple, when the full 
available voltage will act upon each, and the pumps worked 
at full capacity, or in series for the purpose of reducing the 
voltage and therefore the speed and the output of the 
motor and pumps by one-half. To arrange the motors for 
such service nothing is required beyond a few additional 
v?ires, so that by the mere opening and closing of a switch 
they can be run in series or multiple at will. 

But though for boiler feeding a steam pump is preferable 
to an electric, for the reason already given, and also because 
of the greater handiness of having a pump adjacent to the 
boiler, depending for its working only on the steam there- 
from, there are other services for which electric pumps 
are eminently adapted. Thus, for what is known as house 
tank service and also for hydraulic elevator or lift service, 
small electrically-driven pumps may be employed where a 
steam pump would be altogether inadmissible. It is true 
that quick-running elevators or lifts in large office blocks 
and hotels may be with greater advantage directly worked 
by electricity, by connecting the car-winding mechanism 
with a motor, yet such a system involves the use of a much 
more powerful motor than is necessary to operate a small 
pump supplying either a gravity (or elevated) tank or a 
pressure tank. In the one case the motor must be capable 
of raising the full load at the required speed, whereas with a 
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^^^H fajdraulia elevator or lift supplied from a tank of Biif&cient 
^^^B oapacity to contaia enough water for several car trips, the 
^^^B pump motor has simply to supply sufficient power to make 
^^^H up the tank water level between and during the lift trips or 
^^^H joumefB. This system has been termed the " hydro-electric 
^^^H system." The plaut is perfectly automatic in action, for by 
j^^^P means of a suitable snap switch the pump is started and 
E stopped as required by the rise and the fall of the water in 

the tank. When motors especially wound to run at low 
' apeeda are employed, no gearing ia neoessary with these 

' amiill electric pumps ; disturbing noise is thus effectually 

avoided. 

An electric triplei-mm or plunger-type pump, for heavier 

services, as made by the Worthington Pump Company, 
I of 153, Queen Victoria Street, London, ia illustrated at 

kfig. 70. The three single-acting rams or plungers are 
arranged horizoutidly imd driven, through a single reduction 
of spur gears, by a. direct-current motor. 
The Worthington Company also construct electric fire 
pumps. Such pumps they provide with triplex differential 
rams or plungers for obtaining a very uniform delivery, and 
with exceptionally large valve areas and water passages to 
ensure the complete filling of the ram chambers when the 
machine is running at a high speed. These pumps can be 
arranged to deliver direct into fire pipe lines and sprinkler 
' pipes, and the makers state that they can be relied upon for 

maintaining at all times a pressure on the entire system. 
j The electrical device for startii^ the pump automatically is 

' practically the same as that which the makers have used 

successfully on elevator service. They describe it as follows : 
" A regular rheostat is placed in the circuit, the arm of the 
rheostat heing operated by a small hydraulic piston and a 
weight, instead of operating it by hand. The water pressure 
I in the fire line, acting on the top of the piston, holds the 

weight up with the arm thrown back and the circuit broken. 
If a hydrant is open, or a sprinkler lets go, the water pressure 
falls, the piston is relieved of pressure by means of a 
regulator, and the suspended weight draws the arm slowly 
across the face of the rheostat, making the circuit aud 
, pradualljj' cutting out the resistance. In this way the pump 
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ia started automatically, the action on the motor being 
precisely similar to the operation of starting by hand. Auy 
exoesa in ttie quantity of water pumped will again raise the 
preasiire in the system and stop the pump. By merely 
laying a wire this same mechanism can be made to ring an 
electric gong placed anywhere in the factory, thus giving the 
alarm as soon as the first sprinkler opens." 

Electric mine pnmps, owing to the facility with which the 
current can be conducted down the pit, are finding increasing 
favour for services in mines equipped with modem plant 
throughout. With electric pumps we have no steam pipes 
to provide, no condensation to guard against, and no exhanst 
steam to deal with. As the work on the pumps ia constant, 
that " fleiibility of regulation " to which we have referred is 
not necessary ; electric mine pnmpa will therefore compare the 
more favourably with pumps worked either by steam, or, as 
is sometimes the practice, by compressed air. 

Fig. 71 is an illustration of a vertical electrical sinking 
pump as constructed by Messrs. Hayward, Tyler and Co., of 
99, Queen Victoria Street, London, for the Oerlikon 
Machine Co., of Zurich. The makers state that these pumps 
have differential plungers — lOJin. and 15in, diameter by ISiu. 
stroke — driven by an enclosed crank receiving its motion 
through a double reduction train of double helical gearing 
from a motor placed at the top of the pump, as illustrated. 
The f;earing and motor are protected by a sheet-iron case, 
and the whole machine ia suspended by a chain and eye bolts. 
There is a bye-pass valve for starting, and a primary valve 
for the suction pipe. The pump illustrated was constructed 
to raise 12,800 gallons of water per hour against a head of 
400 ft, the motor being 36 horse power of the Oerlikon 
type. 

A very large electrically-driven horizontal double-actin;.' 
triplex pump has been installed by the Worthiiigton Pump 
Company, at Austin, Texas, concerning which they supply 
the following particulars ; "The situation at Austin, Texas, 
where this pump is installed, is in many respects peculiar. 
The city has practically an unlimited volume of water, with 
a fall of 60 ft., and can afford to waste any amount necessary 
to raiss the needed supply to the highest point required, and 



L.L 



120 THE CONBTEUCTION AND WOBKINO OP PUMPS. 

is therefore completely independent of steam as a motive 
power. The water power thus secured operates a power 
station of about 3,000 horse power, which furnishes light 
and power for the entire city. Electricity generated at this 
station is transmitted to the pumping station, where a 300 
kilowatt three-phase synchronous motor is used to drive the 
pumping engine. The motor armature is about 18 ft. in 
diameter, runs at 100 revolutions, the voltage being 2,200, 
and the number of cycles 72 ; it is coupled directly to the 
pump counter shaft which carries a pinion gearing with a 
spur wheel on the crank shaft. As the synchronous motor 
cannot be started up against a full load, a 72 in. friction 
chitch is provided on the counter shaft on the opposite side 
of the pinion from the motor. This is made possible by the 
use of a quill or hollow shaft, the brake shoes of the clutch 
being mounted on' the counter shaft, whilst the friction 
wheel of the clutch and the pinion are keyed to the quill. 

"The pump proper is a horizontal triplex having three 
centrally packed double-acting plungers 18 in. in diameter 
by 24 in. stroke. It has a daily capacity of 6,000,000 U.S. 
gallons, and is designed for a working pressure of 130 lb. to 
the square inch. The spur wheel is carried on a solid forged 
shaft with U-shaped cranks. It is 146*4 in. pitch diameter, 
with cast-iron body, and mortised teeth made of seasoned 
maple. The pinion is steel, 36*6 in. pitch diameter and 
26 in. face. There is only one reduction of gears. This is 
made possible by the slow speed of the motor, and is a 
marked improvement on previous plants which have high 
speed motors, double, and even triple reduction of gears, 
with the consequent high periphery velocities, noise, and 
wear and tear.*' 
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CHAPTER XIL 

Centrifugal Pumps. 

These well-known machines, with which water is raised by 
the centrifugal force set up by a revolving disc or fan, were 
first brought prominently before the notice of engineers and 
pump users generally at the Great Exhibition of 1851. 

A crude form of centrifugal pump was known as early 
as the middle of the 18th century. Rather more than 
half a century later, in the year 1818, a centrifugal pump 
was constructed at Massachusetts, U.S.A., and became 
known as the Massachusetts pump. It resembled an 
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ordinary fan blower, and comprised a horizontal shaft having 
four straight blades enclosed within a cyhndrical casing. 
But the pump had to be placed below the level of the water 
to be raised, for it is stated that " the vacuum power " was 

small. 

At the Great Exhibition of 1851 Appold introduced his 
pumps having fans or impellers with curved blades or 
vanes (in place of vanes of the radial type shown at fig. 72), 
and with other improvements which enabled him to show an 
efficiency three times greater than could be obtained with 
the old machines. Appold's improvements established the 
Dosition of the centrifugal pump as a most suitable machine 
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for ralaing large quaDtitieH of water against a law head or 

The frictional loaa in tlie working of a reciprocating pump 
ia practically constant, and independent of the useful head 
or pressure against which the water has to be delivered. 

Take the case of a reciptocatiug pump working against a 
preasiire of, say, 60 lb, per square inch or 1 39 ft. vertical head, 
and requiring a pressure of, aay, 15 lb. per square inch to 
overcome the frictioaal reaiatance. Out of the total energy 
supplied to the machine -^tba, or 20 per cent, will be 
absorhed in friction ; the remaining 80 per cent represeata 
the iiseful work done, or the mechanical efficiency of the 
machine. But if the pump ia set to work agaiust a head of 
but 101b, per square inch, the frictional resiatnnce will still 
require a pressure of 15 lb, to overcome it, and thus out of 
the total energy supplied only -iftha, or 40 per cent, will 
be accounted for in useful work done, the remaining 60 per 
cent being absorbed by friction. 

It will thus be aeen that " the efficiency of reciprocating 
pumps diminishes with the lift." With centrifugal pumps 
there ia no such diminution ; indeed, it haa been atated, 
though not perhaps with strict accuracy, that they work to 
best advantage on services where the lift in feet can be repre- 
aented by a unit figure. 

An increase in the head against which the water haa to be 
delivered by a centrifugal pump necessitates an increase in 
the speed of the revolving disc, fan, or impeller. The 
theoretical ratio between the head of water and the speed of 
the pump, when the revolving disc of the latter has arms or 
vanes which are radial at the periphery, is expressed by the 
ftrmula — 



where h = head in feet (measured from the surface of the 
water to be raised); 
V = velocity of periphery of pump disc or fan in fe et 

per second ; 
ff = accelerating force of gravity, aay 32'2, 
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As the height through which any moving body must fall 
freely to attain a given velocity is expressed by the well- 
known fonnala — 



(of which we made use in an earlier article dealing with pipe 
areas), it might be erroneonaly concluded that the same 
formnla would also apply here and that V represents also the 
velocity of the water. But on reflection it will be seen that 
the water in passing ttirough the centrifugal pnmp reoeivea 
energy which tends to propel it in two directions, viz., in an 
outward direction along the radial arms, and also in a direc- 
tion tangential to such nrma or blades of the fan, diso, or 
impeller. At the instant of renohing the periphery ot the 
impeller the velocity of the water in each direotioo will 
equal the peripheral velocity, so that the water will he 
discharged from the periphery in a direction which is the 
resultant of the two directions aforesaid, and its velocity 
will also be a resultant of what we may term the two com- 
ponent velocities. Thus it is that 
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As an einmple let us suppose that the rim velocity of a 
pump diso with radial arms is 36 ft. per second. The maxi- 
mum theoretioal head against which the water can be 
delivered with the pump running at the given speed will 
then be 

^y,/"- 40-2 ft. 

But the actual head against which the pump can deliver 
water will be considerably less than 40 ft., depending upon 
the care taken in the design and construction of the pump 
to prevent sudden changes in the direction and velocity of 
the water. With the old style of radial arms, as shown at 
fig. 72, there is much loss through useless churning of the 
water. It is, of course, also of great importance that the 
hearings upon which the fan shaft rotates and the 
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employed for driving the fan or disc be mechanicaliy 
efHcient. 

To utilise the energy which might otherwise be spent in 
the formation of eddies in the discharge pipe of a centrifugal 
pump, Professor Jamea Thompson suggested, subsequent to 
the introduction of the Appold improvements, the use of 
what ta termed the "diffuHor" or "whirlpool chamber." 
Such chamber aarrounds the revolving disc, and the water 
dehvered into it from the latter ia allowed to oontinuo its 
whirl or rotation for effecting a more gradual and efBciont 
conversion of the kinetic enei^y into the pressure energy 
required to force the water up through the delivery pipe. 

But in order to get full benefit from a diffusor or whirl- 
pool chamber it would in most cases require to be so large 
as to cause more iuconveuience than would be compensated 
for by the practical advantage obtained. Moreover, aa the 
vanea of the disc are in British pracHce curved back, and not 
made of the radial form previously referred to, the velocity 
of the water on leaving the fan, and consequently its kinetic 
energy, is diminished ; a further reduction of the kinetic 
energy by its conversion into pressure energy beforo the 
water leaves' the disc, impeller, or fan, is also effected in 
some ceotrifugal pumps by increasing the area of the water 
space towardi the periphery of the disc. The whirlpool 
chamber or diffusor may therefore be greatly reduced in 
dimensions, and in some oases entirely dispensed with, in the 
construction of the pomp, without loss of effioienoy ia its 
working. 

From the whirlpool chamber, or directly from the 
periphery of the disc the water passes into the volute or 
spiral chamber, hav n^ t f m 1 noreasing as it 

approaches the disch g d 1 y F r *" receive the 

increasing volume of t f ra th d Conical suction 

and discharge pipes m t m mpl y d with advantage. 

Figs. 73 to 76 rep t f typ f d cs or impellers, 
aa adopted by differ t m k Fg 3 7i, and 75 show 

(in aide elevation) three carved or sloping vane types by 
three different English makers, whilst fig. 76 represents (in 
plan) the modified radial vanes of a horizontal type centrifugal 
pump bf French makers. 
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Unless a ceDtrifiigal pump can be fixed below tlie anrfaoe 
of the wtAer to be raised, it is necessary to charge the oasinf; 




with water beforn starting. For this purpose a staam ejector 
can be employed to exhaust the air from the pump casing; 
and pipes. 
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Fig. 77 is an illustration of a centrifugal pump, for belt 
driving, by Messrs. Drysdale and Ca, of Bon-Accord Works, 




d 






Glasgow. The maKsrs state that " while these pumps will 
meet the requirements of all users for ordinary low lifts, 
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they will be found specially advimtageoua for irrigation, 
drainage, and BiniiJ&r work. The impellers or discs are 
specially wide to permit of the pnaa^e of any solid matter 
likely to be allowed inside, and a cleaning door is provided 
to meet the case of any special obstruction." In their lists, 
pubtiahad with the pump as illQatrated, the makers give the 
speeds necessary for lifts of 10 ft. and 18 ft respectively. 
Thus a small pump, t« deliver from 60 to SO gallons per 
;, must lie run nt about 1,000 revolutions per minute 




when working against a 10 ft head, and 1,350 revoliitioas 
for a head of 18 ft A krger pump, to deliver from 2,200 
to 2,700 gallons per minute, is run at 3i5 revolutions per 
minute when working against a head of 10 ft., aiid 490 
revolutions when working against an 18 ft. head. Piunpa 
deaiguod for high lifts {fi'om 25 ft to 50 ft. or more) are 
provided with fans of larger diameter than the low-lift types, 
in order to obtain the required peripheral velocity of the 
impellers or discs without driving the same at such a high 
rate of rotation as to cause inoonvenieuoe. 

Fig. 78 is an illustratioa of a combined centrifugal pump 
and electric motor, also by Measrs. Drysdale and Co. ; whilst 
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Hg. 79 repreeents a combined pump and vertical steam 
eugitie by the same makers, as employed for the circulation 
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Mesara. Owynnea Limited, of HanomerBiuith Works, 
London, W., who have mnaufactured such mftchinery for 
half a century, give the following terse summary of some 
advuutoges posBeased by a, centrifugal pnrap : — 

" It can be erected with ease and celerity. 

" It works with au easy rotary motion, without valves, 
ecceDtricB, or other contrivances which coasume power iu 
friction. 

" It is economical iu use, simple iu construction, and of 
very great durability. 

" It discharges a continuous and steady stream without 
air vessela. 

" It is little afi'eoted by sand, mud, grit, or other foreign 
matter in the water; in the larger siies it will admit the 
passage of solid bodies 6 in. diameter, and the smaller sizes 
in proportion, without injury." 

As compared with the full theoretical efficiency of 100 
per cent, Messrs. Gwynnasgive the avemge efficiency of their 
centrifugsl pumps oa 75 per cent, and claim that so far back 
as 1862 a centrifugal pump of their manufacture gave, at 
the International Exhibition of that yenr, an efficiency of 
83 per cent. 

As an example of the very accurate balaucing of tbeir 
machines, Measra. Givynuesinatancetheesperimental running 
with an empty pump of oue of their centrifugal pumping 
engines, or centrifugal pump coupled direct to a vertical 
steam engine, at 550 revolutions per minute, when not 
fastened down but merely resting on timbers. The makers 
Htate that no vibration was experienced during such test. 

For emptying graving docka, and for other services where 
enormous quantities of water have to be rapidly discharged 
against a. low head, the centrifugal pump is unrivalled. 
MesBiu Gwynnes construct centrifugal pumps for auoh 
services with discharge pipes or branches as large as five feet 
in diameter, and which on official trial have delivered over 
82,000 gallons or 366 tons of water per minute. 

Fig, 80 represents one of Messrs. Gwynuea oeGtrifugal 
pumps coupled direct to one of their enclosed silent high 
speed engiuea. 
9op 
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Mesara. Gwyonea Limited give the following particulars 
respecting their combined centrifugal pumping engine, 
aa employed with eurface condensers and for similar 




services, conaiatiug of a vertical engine of the ordiaary or 
open type having its crank ehaft directly coupled to the 
Bvindle of the jiump which ia mountod on tha engine bed : — 



r 



" The pump disc is of gnu-metal ami the spindle of steel, 
coated with gua-metal. All the bearings ore of mangaueae 
bronze ami have lai^e wearing' surfaces carefully adjusted. 
lu nuLny Ciiaea, eapetiaUj for tiie Admiralty, the pump casing, 






the disc, and tho spindle are all of gun-metaL The pump 
disc aud spindle can ba removed and replaced without 
distm-bing any pipe joint." 

Pig. SI represents a centrifugal pump plant for high lifts, 
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by the same mnkere. A pair of pumpa arraoged in series 
are driven direct by a double-cylinder steam engina The 
delivery from the one pump flowa to the auction inlet of the 
other pump, which imparta more energy to the water to 
enable it to oreroome a greater delivery head. 

This method of imparting the required enei^ to the 
water by means of two or more moderately sized pumpa, 
arranged in aeries and rotating at the same speed, rather 
than by a aingle pump very large in diameter and runuinf^ 
at a high velocity, may be sometimes adopted with 
advantage. In general, however, a reciprcKiating type pump 
would be employed for lifts above the economical capacity of 
ordinary centrifugal p 




Fig. 82 is a sketch diagram representing an arrangement, 
recorded by Cauier's Magazbie, in which four pumps are 
coupled by a French mitker (whose name ia not given) direct 
to an electric motor A, all beiug arranged on the one bed 
plate, as indicated. Itis stated that the plant was employed 
to raise water through a height of about 157 ft. No state- 
ment is made as to the efficiency of the arrangement, but iu 
view of the many necessary changes in the direction of flow 
of the water, in passing from the snction pipe of the iirst 
pump to the discharge pipe of the last pump of the series, no 
great efficiency could be anticipated. 

Fig. 83 is an illustration of a centrifugal pumping engine 
for circulating purposes by Messrs. W. H. Allen, Son and 
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Co. Limited, of Queen's Engineering Works, Bedford. The 

m&kera state that their etaaditrd "Conqueror" centrifugal 
I pump " ia of the double suctiun 

5, tyjie, the cftsiug being divided 

, iiorizoiitally. It ia fitted with 
1^^ a disc of the shrouded type 
1 ' which ia the Btroiigest and 
moat eflicieat design, and as 
there ia no poasibiUtj of the 
a getting broken or wear- 
at the Bides, these 
pa maintain tlieir efficieuoy 




^^Thepu 



for very long perioda. The spindle ruoe in two white metal 
bearinga constructed in liftlves for ready adjustment and 
mounted as close as poaaible to the diac, thus ensuring per- 
fectly steady running. These bearings are entirely indepen- 
dent of the gland." The example illustrated at Fig, 83 ia of 
the type designed to meet British Admiralty require- 
ments. The engine is of the single cylinder open typo, 
ptimp casing, disc and spindle are of gun metaU 
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Fig. 84 ilhiatrates another example of cantriTugal piimjiiu^ 
macliinery by Mesara. AUeu, comprisiDg a two-cyliiider 
vertical double-acting euclosed engine in direct driving 
connexion wi'h the piim[i, and having extended feet ensf. 




?:ith the bed-plate for connection with the extended foot of 
he puDip [MLSLtig. The engine ia fitted with a aystem of 
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In connection with their belt-driven centrifugal pumpi, 
McBBra. Alleo give tbe following particulars concerning one 
of Urge ditneuBiouB, as mode for the irrigiition of a large 
cotton plantation in Egypt ; — 

"The discharge pipe is 36 in. diameter, and the pump is 
capable of throwing 90 tons of water per minute. The 
engine for driving it ia a 130 horae power, passed through a 
treble leather belt, 21 ia wide and fin, thick. The pump 
is made in two pieces, and every facility is provided for 
getting at the interior without difficulty. The pulley ia 
made eitra large, so that there may be no slip on the belt ; 
the shaft is supported by two bearings Iwlted ou to a masBive 
bed plate. To charge the pump, a Pat«nt ejector is fitted on 
the top of casing, and the pump is also provided with a 
gauge glass to enable the position of the water to be 
ascertained when starting the pump." 

For marine salvage purposes Messrs. Allen coustnict 
centrifugal pumping engines having the whole of the working 
parts of solid manganese bronze forgingg. Tbe following 
description of such engines is from the pages of 
Enginftring : — 

'■ In these pumping engines the parts usually made of 
steel — that is, the piston rod, connecting rod, crossbead, 
crank shaft, pump spindle, eccentric rod, eccentric strap, and 
valves, as well as the bolts and nuts, — are of manganese 
bronze. The engines have been designed to prevent the loss 
of time which frequently occurs in raising ships which are 
only partially submerged at low tide. In such cases the 
machinery has sometimes to remain under water for several 
days together, until advantage can be taken of a low tide to 
pump out the ship. With steel working parts, great 
difficulty arises from the journals of the shaft becoming 
oxidised to such an extent as to cause a quantity of minute 
particles of steel rust to remain in the bearings. 
Immediately the engines are started, seizing takes plnci!, nnil 
then a complete overhaul has to be made, during which time 
the opportunity ia slipping away, and when matters are put 
right the rise of the tide stops the work. Great difficulty 
was experienced in obtaining a suitable metal to form ihe 
bearings for forged bronzs to work in, and many alloys were 
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tried before one waa found whioh fully answered the require- 
menta. The alloy now iiaed ia a hard mixture which niiiH 
at high Bpeeda without heating, and wears in a. short time to 
a smooth aud glassy surface. The strength of the forged 
bronze is about that of mild steel (29 to 30 toDs per square 
inch), BO that nothing ia lost by the adoption of the new 

Concerning the method of charging centrifugal pumps by 
exhausting the air Messrs. AUeu give the following descrip- 
tion : — 

"Where the pumping engine is placed above the water it 
is first necessary to charge it before working. For this 
pnrpoao we employ a patent ejector, which will exhaust the 
nir and draw the water up from a depth of 25 ft. The 
arrangement ia very simple, and yet perfect, the ejector 
being the smnlleat and most oonvenient contrivance thatcan 
possibly be devised for this work. It ia screwed into the 
highest part of the pump, and also connected by a separate 
Bteam pipe to the upper part of the ateam stop valve on the 
engine or boiler. In a, few miuutea after turning on steam 
the pump will be charged, the engine remaining stationary 
meanwhile. To prevent the air returning through the 
discharge pipe a flap valve is fitted on to epd of the delivery 
pipe. For marine engine purposes the ordinary Kingston 
valve answers the purpose. For chaining the large pumps 
we strongly recommend this method of flap valve and 
ejector as in every way most convenient and suitable, being 
much leas costly and more efficient than any other meana. 
It doea away with the necessity of a foot valve, and ia a 
much neat«r arrangement than an air pump or meuhanical 
exhauster, as it is always ready, and cannot get out of order. 
There are a number of inatancea, however, where the foot 
valve is indispenaable, and where it ia as useful and conve- 
nient as the ejector," 

When the water can be drawn from and discharged to the 
same ievel, it ia advisable to make use of the " syphoning 
actiou," which can be done liy oontinuiug the discharge pipe 
below the level of the water. The pump then has only to 
deal with the head created by the friction of the pipes, so that 
in some cases the power required may be couaiderably reduced. 
Jt la easential that the discharge pipe be always i^wued." 
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Some centrifugal pump makers iuaert ia their publiBhed 
liata particulars as to the alluged horae power required to 
raise a given quantity of water per foot of height. It would 
be of very great advantage if the aotual horse power neaea- 
aary to dnve the pump were stated, but if the ligureB simply 
represent work performed in raiaing the given weight of 
water through the height named, with no allowaDce what- 
ever for frictional losses, they are worse than useless. A 
buyer who relied upon such figures in arranging for the 
power to drive the pump would be grossly deceived. Thus 
in one catalogue we find it stated that with a given centri- 
fugal pump one horse power ia required to raise 3,350,. 
gallona of water in one minute through a height of one foot. 
Now, ai 33,500 unita of work must be performed iu the 
raiBiug of 3,350 gallons of water through a height of one 
foot, and as the rate of work represented by one horse power 
is only 33,000 units per minute, it will be seen thnt the 
statement ia utterly misleading. If we allow that the 
efficiency of the particular pump referred to is 75 per cent 
(and we doubt whether tbe makers would give a guarantee 
to that effect), the actual horae power required to drive it on 
, -tilA eervice named will be — 

■■ 336Q0 ^ , /33500^ ^ , .,. ^r p 

If the purohaaer provides 1 J horse power, he will probably 
Snd he has none to spare. 

Rotary Pitmts. 
Though a centrifugal jjump might be ulaaaed as a rotary 
pump the term is usually appUed only to those water-raiaing 
machines which are provided with a rotating piston, which 
imparts a direct preaaure to the water, thereby causing the 
latter to move in advance of, but in the same direction of 
motion as the piaton. With a centrifugal pump the 
revolving disc sets up a centrifugal action whereby, 
have seen, the water ia caused to flow from the centre 
periphery of the diao, and from thence into the surroundiag 
chamber communicating with the discharge outlet 
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Many forma of rotnry or rotHtiiig [liaton pumps have beer 
Buggeafed and constrcicted in this cotiiitry aud in America 
but hitherto they have not leen extenaively adopted for the 
Taried aervices on which reciprocating pumps are employed, 

Fig 85 is a aectioaal view of the type of rotary piimj 
known as the "Drum' pump, oouatructed by the Dmm 
Engineering Co , of S3, Brook Street, Bradford. The 
makers supply the foilowing descnptio 




"Pumps may be divided into two classes, viz., the centri- 
fagal and the direct-acting piston pump. The former haa 
iarge capacity, but is UmiteA m ■^o-kbt -, tte latter is the 
^reverse. It haa great power, \i\it, \a \\\r,\\.e4 'mi i3i.>iffl»^\\.-j. 
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The Drum pump combines the advautages of both without 
the disadvantages of either. It hae the capacity of the 
centrifugal, with the power of the ram. It consists of a 
revolving piston, sweeping out the cylinder every revolu- 
tion — the revolving piaton dipping into a revolving valve 
or cylindrical iJrnm, the openings in which are 



1 




that the piston passes through without slip, back pressure, 
or undue friction. Wheu the revolving piston moves round 
from the revolving valve a vacuum is formed into which the 
water flows, and ia forced in the front face of the piaton. 
"The 'Drum' rotary piston pump differs entirelyfrom 
irdinary rotary pump. The latter, like the direot- 
pump, ia more or leas intermittent in ita 
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action, and breaks up the flow of the fltiid ; the ' Drum, 
on the contrary, paaaea the water through in one continuous 
flow without interruption, and utilises the power in the 
momentum of the moving column. Thus the great advan- 
tage of centrifugal action is obtained without the cost of 
additional power. Another great difference between the 
'Drum' and the ordinary rotary pump ia that the latter 
has usually two revolving working pistona, one of which ia 
driyen through the gear wheels. The ' Drum ' having 
only one rotary working piston, the friction and strain on the 
gear wheels and bearings of driving a aeoond revolving 
piston is avoided." 

Fig. 86 is an illustration showing the " Drum " pump 
combined with a vertical steam engine. 



CHAPTER XIII. 
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BBOIPROCATINa PUMPISG ENGINES OF LaRGB CaPACM 

FOR Watekwokkh, Mines, and other Services. 
In the selection of a reaiprocating pumping engine for a 
waterworks, mine, or other service neceasitating the expen- 
diture of considerable mechanical power, a purchaser must 
perforce study most carefully the cost of providing such 
power. 

If tenders are invited from various makers for a steam 
pumping eugine to deliver, say, one million gallons of water 
per day of 10 hours, against 100 ft. head, the proposal of one 
firm will probably involve an initial outlay two or three times 
greater than that of some other firm. But if the " duty " 
of the pumping plant (including engine and boiler) of 
higher first cost is 150,000,000 foot-pounds per 1121b. of 
coal, whilst the duty of the other plant ia only 50,000,000 
foot-pounds, the consumption of coal per week of six days 
for the former would be two tons, and for the latter six tons. 
Thus, with ita annual saving of more than 200 tons of coal, 
the pump of higher first cost might prove by far the better 
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A high duty maj, however, be purchnaed too dearly. 
Pump aervice is severe on mnchinery ; and mechaniam, or 
parts of mechaaism, which throutjh intricate combination 
with other elements must be of delicate construction, ia 
likely to require frequent renewal. 

In considering the claims made on behalf of any particular 
typo of pumping machinery, we have, then, to eiamioe for 
economy both in power and in upkeep. And in comparing 
the records of tests od various engines, care must be taken to 
ascertain as to how far the conditions are in agreement. 
Thua one test may be taken on fuel of high quiOity, and 
another with but the fuel of the district, however poor it may 
be. One result may show the steam or coal consumption per 
indicated or engine horse power, and auotiier the con- 
sumption per actual or pump horse power. In one case a 
pumping engine may be working against a low head, causing 
it to show a low mechamoal efficiency as compared with an 
engine working against a much greater head or pressure. 
These and other differences must be carefully noted and 
allowed for, or the data may lead to a wrong conclusion. 

KoTATrvB OR Crank and Fliwhbbl Pumping Engmbs. 

Fig. 87 ja an end elevation representing one of a pair of 
triple-eipausion pumping engines supplied in the year 1899 
by Uessrs. Hathorn, Davey, and Co., of Leeds, to the 
Corporation Waterworks of that city. One of these engines 
was tested by Professor W, Cawthome Unwin, F.R.S., under 
a twelve hours trial on November 1 1th, 1 899. The following 
notes are from his report of the trial ; — 

" The engine is a triple-expansion, vertical, three-crank 
fiy-wheel eogiiie. It has a surface condenser, the circulating 
water in which is the water pumped by the engine. The 
crank sequence is intermediate, high, low pressure. The 
atoam valves on the cylinders are Corliss valves in the 
uylinder heads, with a very simple and aatiafactory trip gear. 
The cylinder clearances are exceptionally small. The trip 
^ear of the high-pressure cylinder is controlled by a speed 
governor. The trip gears of the other cylinders are 
ordinarily set to a fixed cut-off, but this ia variable by hand 
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odjuatment. According to the Bcalea marked on the 
gear, the cut-off was at 0-26 in the low-preaauro 




cylinder, at 0"28 in the intermediate cylinder, and at 
about 028 in the high-preasure cylinder. The st«am 
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cylinders are steam jacketed — ^tiie high-pressure and inter- 
mediate-pressure with boiler steam, and the low-pressure 
with steam of about 50 lb. pressure per square inch. There 
are jacketed receivers between the intermediate-pressure and 
the low-pressure cylinders. The drainage from the jackets 
is led direct to the boilers. The engine has three single- 
acting pump rams, 13 J in. diameter, worked from the 
respective crossheads, with numerous metal valves of small 
diameter, faced with rubber." 

The contract conditions specified that the engine under 
full load should pump 1^ million gallons in twelve hours 
with a steam consumption not exceeding 161b. per pump 
horse power. It was further specified that the delivery be 
calculated from the pump displacement, without deduction 
for slip, the head determined by tested gauges on the suction 
and delivery pipes, and the steam consumption calculated by 
measuring the condensed steam discharged by the condenser 
and the jacket drainage. 

Leading Dimensions and Particulars. 

Diameter of cylinders, 15 in., 25 in., and 40 in. 

One piston rod to each 'cylinder, 3^ in. diameter. 

Stroke, 86 in. 

Revolutions per minute duiing trial, 34*64, 

Piston speed, 207 '84 ft per minute. 

Head on pumps, 286*9 ft. 

Mean Bteam pressure in boilers, 138 lb. per square inch. 

Mean steam pressure in valve chest, 136 lb. per square inch. 

Mean absolute pressure in valve chest, 1501b. per square inch. 

Mean vacuum, 27*79 in. 

Results of Trial. 

Water pumped per hour, slip neglected 18,540 cubic feet. 

Water pumped in 12 hours 1,388,100 gallons. 

Pump horse power by pressure gauge 167*6. 

Consumption of steam per hour 2,1881b. 

Steam per pump horse power hour 13'05 lb. 

Indicated horse power 183 70. 

Steam per I.H.P. hour ll*911b. 

Mechanical efficiency of engine 0*913. 

As will be seen, the steam consumption came out at 
much less than specified in contract. 
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Profesaor Unwm aumaiar sea as follows : — 

" In this CO ntrv the duty is estimated b^ the effective 
work of the e £, ne foot pounda [ler 112 lb, of coal. The 
effective work the trial was 167'6 x 1,980,000 = 

331,850,000 foot-pounds per hour. The actual coal con- 
sumption waa 296'51b. per hour. Hence the actual duty 
was 125,350,000 foot-pounds per 1121b. of coaL This i a 
a very good, but not exceptional duty." 

"In this trial the efficiency of tho boiler was not good, 
Eind the duty which depends on the performance of the 
boiler and engine is not so good as it would have been if 
steam had been supplied by a more efGcient boiler. With a 




good boiler, hand fired, with Welsh coal, the oTaporation 
might very well have been 9 '5 lb. per pound of coal. Then 
the coal conaumption would have been 240-8 lb. per hour. 
In that case the duty would have been 154,350,000 foot- 
pounds per 112 lb. of coal This is an eiceptionally high 
duty." 

" In America it is common to reckon the duty of a 
pumping engine as the foot-pounds of effective work per 
1,000 lb. of Hteam aupplietl to the engine. Taking this 
meaaure, the duty of the engine is 151,670,000 foot-pounds. 
This ia almost as high a duty as has ever been recorded. It 
involves no assumption as to the performance of the boiler." 
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RiEDLER Pumping Engines. 

In a former article, when diacuaniiig pump Talvasfl 
generally, we refeiTed briefly to the Riedler mechanically- 
operated valves for the water end of a para p. 

Figa. 88 asd 89 repreBont in plan and elevation reapeo- 
tively a Riedler pump in direct connection with an electric 
motor. The general arrangement of the operating 
mechanism for the water valvea is clearly indicated in the ■ 

The illastratioua are from the catalogue of Messrs. Praaer j 
and Chalmers Limited, the sole manufacturers both in this > 




country and in America of the Eiedler pumpa. Tlieir 
English works are at Erith, Kent, and their London office 
at 3, Loudon Wall Buildings. The particulars given here- 
nndei; are from the maker's " deBotiption and argiimem " 
concerning the Eiedler system :— 

" The principal feature of the Kiedler pump is i 
mechanically-operated valve. The valve and valve seat a 
circular in form, and made of high grade bronze. The 
lOop 
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Tftlre hoR a lift of from 1 in. to 2 in., and &n area of sacli 
Ainoimt as to reduce the speed of the water flowing through 
same to bat a few feet per second. At the begtnniag of the 
Ktroke the valve opens automatically, coutrolled, however, 
bv a very simple and effective mechauical device. It 
reniains open practically the entire stroke. When near 
the end it is poaitiTely closed at the proper moment by 
the controller. The valve opening being large, aU throttling 
of the water through the valve passages ia avoided. The 
mechanical controller, closing the valve at the proper 
moment, prevents slip, and allows the pump to be run at 
any desired piston speed." 

" In ordinary pumps, owing to the large number of small 
valves required to get the desired valve opening, and the 
fact that these valves are closed by a spring in conjunction 
with the reversal of pressure, in case it is desired to rnn the 
engine at a high number of revolutions the lift of the valves 
would necessarily have to be reduced, or otherwise an 
enormous loss due to sUp would result. Reducing the lift 
of tbeae small valves would necessitate the use of a greater 
uumber. This would result in making the pmnp end much 
larger. As it is at present, the pump ends on the ordinary 
pumps are often built with large fiat surfaces, the form least 
able to withstand water pressure. Or if the circular form 
of pump body is used, it would mean making this of much 
greater diameter, bo as to be able to place in same a large 
number of so-called valve cages, lu either case the 
strength of the pump body is reduced unless a large 
addition is allowed to the thickness of the same. This 
results, of course, in the ordinary direct-acting and fly- 
wheel pumps running at a low piston speed, otherwise the 
loss due to throttling of the water through the numerous 
valve passages, already great, is made greater, and loss by 
slip largely increased." 

'' In the Riedler system, however, because of the circular 
form of the valve, and the fact that all pressure parts are 
built cylindrical or spherical in form, it is simply necessary 
to slightly increase the diameter of the valve and ita lift, 
thus greatly increasing the valve opening, and but slightly 
decreasing the strength of the pump body." 
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"It should be borne iu mind that the diflioulty of 
rtmninjT pumping enginee at high speed is due to two 
thingB, namely : the email valve area, necesaitatiug the 
traTel of water through it at a high velocity ; nnd high lift, 
for unless vaWe is eloaed mechanically a great loaa by slip 
will result These difficulties are entirely overcome by the 
conBtruutiou of the Riedler valve and its mechauically- 
controUed operations." 

A record of a test made in the year 1B95 ou a pair of 
double-acting Riedler pumps arranged at the rear of, and 
driven directly by, a uross-com pound condensing Corliss 
engine, gives a duty of 1 25,824,903 foot-pounds per 1,000 lb. 
of dry steam. The high-pressure cylinder of engine is 22 in. 
and the low-pressure cylinder 36 in. diameter ; the pump 
plimgers are 15J in. diameter, and the common stroke 43 in. 
Steam pressure, 1201b. by gauge. The capacity at 75 
revolutions per miuut« is 15,000,000 gallons (U.S.) per 3+ 
houra (representing a mean pietou speed of 525 ft per minute) 
jigainst a pressure of 62 lb. per square inch. 

At a test made by I'rofessor Edward F. Miller, of the 
Maaaachusetts Institution of Technolgy, in May, 1395, on a 
iUedler pumping engine at Chestnut Hill Pumping Station, 
Boston, U.S.A., the extremely low figure of 11 '22 lb. of steam 
per indicated horse power per hour was recorded. The 
mechanical efficiency is given at 89'i6 per cent, so that the 
steam consumption per actual or pump borse power comes 
oat at ll!-541b. per hour, or a duty of 15B, 147,000 foot- 
pounds per 1,0001b. of ateam supplied to the engine. The 
following description is given concerning the above pumping 
engine : — 

" The engine proper is a vertical inverted beam engine of 
the tieavitt type, having cylinders 13'7, 24'3, and 39 in. in 
diameter, and a stroke of 6 ft. Steam is admitted to the 
high-pressure cylinder at 1851b. pressure (200 1b. abao- 
lute), directly from a separator which forma the inlet siiie 
pipe. Be-heaters are placed between the high-presaure and 
intermediate, and betweeen the intermediate and low- 
pressure cylinders, and are supplied with ateam at bailer 
pressure. The high-pressure and intermediate cyhnder and 
cylinder he.ids are sto.im Jacketed with the ateam at boiler j 
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liressuro, and the low-pressure cylinder and cylinder heatia are 
steam jacketed with the ateam at 100 lb. preBsure. The draiiia 
the high-preasure and intermediate jncketa, and from 
the re-heatera, are led directly Imck to the boiler, while the 
ilrains from the low-preaaure jackets discharge into the feed- 
water beater. From the low-pressure cylinder the exhaust 
passes through a surface condenser, which is serTed with 
water from the discharge of the main pumps." 

" The pump end is of the Eieiiler type, with mechanically- 
operated valves, and consists of three double-acting plunger 
pumps, each with its two inlet valves and two discharge 
ralves. At the side of each pump there is a wrist plate, 
through which the valves are controlled by power derived 
from the engine. By this mechanism the spring preHstire is 
removed from the valves previous to their opening, and is 
re-applied toward the end of the plunger stroke in such a 
manner as to bring the valves easily to their seats at n rate 
in proportion to the diminishing flow, thus preventing a 
back flow and the forcible closing of the valves with the 
reversal of the action. Suitable provision is made for 
elasticity in the connection to allow for any obstruction to 
the closure of the valve. The action of the valves is thus 
rendered so easy that the pump runs smoothly, and easily, 
at over 50 per cent above its rat«d ca]iacity." 

The average steam pressure in boiler during trial is 
given at ITS'? lb., and the speed of engine and pump 50'59 
revolutions per minute, beinsr a piston speed of 607 ft. per 
minute. The record of water pumped during 24 hours' 
trial is 21,016,000 U.S. gallons against 137 ft. head. 

Comparing this Biedler triple-expansion vertical pumping 
engine with the foregoing vertical triple-expansion pumping 
engine by Messrs. Hathom, Davey, and Co., it will be noted 
that, although the cylinder diameters closely correspond, the 
Riedler engine works with a higher steam pressure, and has 
double the length of stroke, and runs at a piston speed 
two and three-quarter times greater than that of the 
Hatbom-Davey engine. The teats show a 4 per cent 
advantage in steam consumption in fiivour of the Riedler 
engine, but we have no figures before us regarding the 
respective first costs of the engines, and the expense of 
fnining the same in cffecUve coni^feva. 
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Referriug again to the figs. 8S and 81*, the [lump there 
hIiowq iu direct connectiou with the motor is deseribad 
" duplex differentirtl " t^pe. As will be seeu, the two water 
ojUnderB are each divided, and aii exterually-packed 
reciprocated between tbem, stiitting boxes being arraiigea ou 
the adjacent ends of the divided parts. There is but one 
suction and one delivery valve for each complete pump 
i^jlinder, the said valves being nmknged in the rear divisioa 
On the movemeut uf the ram iu the direction indicated by 
the arrow at fig. 89, the water drawn in through the 
Buctioii valve A on the preceding out-stroke is disphced, 
and whilst oue portion of it is forced direct into the riaing 
Qiain, another portion flows along the pipe B, and into the 
forward diviiiion of the cylinder, to fill the void Bpace 
resulting from the difference in area between the outgoing 
portion of the ram and the incoming portion of the rod C. 
Ou the next out-atroke the suction water flows iuto the rear 
division of the cylinder, aud a delivery ia effected from the 
forward diviaiou iuto the rising main. Messrs, Fraser and 
Chalmers atiite : " The coat of a direct-connected electric 
motor of a Btated power, by reason of its low speed, is 
greater than that of a motor of same power but of higher 
Hpeod ; by direct connecting, however, all gearing, belting, 
or rope transmission, with, attendant evils, are avoided : thus 
the greater convenience, durability, aud economy of the 
direct-connected electric motor in a very short time more 
than save the difference in the first coat," 

They also give the following figures as to the actual loasea 
in the electric transmiaaion of power ; — 

'' 10 per cent loss due to friction of steam engine. 
P " 3 per cent loss between engine and generator, due to 
belting. This loss does not appear if direct 
connected. 

*• 10 per cent losa in electric generator. 

f From 10 to 20 per cent loss in line depending upon 
voltage, length, size of conductors, kind of installa- 
tion, and care of installation. 

?* 1 2 to 20 per cent losa in the motors, depending upon the 
type and tlie service they are to perform. 
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"5 to 10 per ceut loss between the brake horae power or 
the motors and the machiuery that is to be driven. 

" Iioss Iq the machine itself," 

This leaves a total efficiency of about 50 per cent The 
results as obtained above are practical working results, for 
which we are indebted to aeveral of the large mining com- 
panies that are using electricity, and who also have other 
machinery built by ourselves. No account has been taken 
in the above of losses due to atep-op, atep-dowu, and 
rotary tranaformera. IVhere distances are short, and great 
oare is taken in the installation, the actual working 
efficiencies for electricity may be increased to 60 per cent, 
or, in case ijf careleasneas in installation, may be decreased 
below 40 ]Der cent." 

Fig. 90 represents in outline one of four compound- 
condensing beam type rotative pumping engines, as con- 
structed by Messrs, tJimson and Company, of Vulcan Street, 
Leicester, for the sewage pumping station of that borough. 
The engines afford an excellent example of what may bo 
aocomplisbed with a comparatively low steam pressure 
(80 ib.) by careful design and sound construction. 

The particulars given hereunder are (rom a report 
presented by Mr. E. G. Uawbey, the surveyor of Leicester, 
to his Town Council in the year 1891. 

"The sewage is delivered from the pumping station 
through two 33 in. rising mains for a distance of about a 
mile and a half into the distribution tanks at the farm, to a 
net height of about 16366 ft, above the invert of the outfall 
sewer at the pump wells. There are four engines of the 
independent rotative compound-condensing beam type. The 
diameter of the high-pressure cylinder is 30 in., with a stroke 
of 5ft. 9Jin., and that of tha low-pressure cylinder 48in., 
with a stroke of 8 ft. 6 in. The cylinders are steam jacketed, 
that of the high-pressure cylinder being fed with steam at 
the boiler preaaure of about 80 IK to the square inch, and 
that of the low-pressure cylinder at the pressure at ■B'hich it 
leaves the high-pressure cylinder. The steam cylinder slide 
Talvea are of the double-piaton type, arranged in a cylindrical 
casing, cost separately from the cylinder, through which 
the admission aud escaping steam for both high and low 
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pFeasiire cylinders poBses. TLe high-preBsure Bteam cyliudera 
are fitted vith expansion piston valves, srranged to cut oft 
the steam at any point from |^ to ^ of the stroke hy meana 
of hand gear, vhioh can be worked whilst the engines are 
running, the working rate of the expansion being clearly 




indicated by antomatic arrangeraentB of pointers and scales. 
The low-pressure cylinders are also fitted with expansion 
piston valves, arranged to allow of the cut-off being varied 
between J and J, the working point being automatically 
indicated as in the case of high-preasure cylinders. 
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"To each eogiue there are two maiu pumps for the sewage 
of the piston and plunger type, one at each aide of the beam, 
having a stroke of 5 ft. 9jin., the diameter of the piston 
being 27^ io. The auction lUid delivery valves are flaps, 
faced with indiarubber, and the hinges hushed with gun 
metal. The two main suction pipes are 3 ft. in diameter, 
leading from the pump well and screeu chamber to eaoh pair 
of engines. A large steel air vessel 25 ft. 9 in. b}' 5 ft 
diameter is fixed to each rising main. The air pumps and 
condensers are of the sitigle-aoting jet type, the iuterim- 
valvea and fittings being of gun metal, with flat indiarubber 
discs. 

"The flywheels are of cast iron, 21ft in diameter; they 
weigh about 21 tons each. The heaaiB are formed of 
double steel flitches, 2 in, in thickness and 6 ft in depth at 
the centre." 

As will be seen from the illustration, the pump rod for the 
pomp ou one side or end of the beam is formed by a 
continuation of the high-preasure piston rod. 

The speoification called for an eii'ective duty of not leas 
than 100,000,000 ft -lb. per 112 lb of coal, with the engine 
running at a. speed of 12 revolutions per minute, and a 
boiler pressure of 80 !b. per square inch. The record of the 
ofGcial tests gives an average duty (measured by the we^ht 
of water actually pumped) as 115,913,333 ft. -lb. per 113 !b 
of coal (Nixon's Navigation). As the average evaporation 
in the boilers per pound of coal (from actual temperature of 
feed water and at actual steam pressure) was 10'D3 11)., the 
duty per 1,000 lb. of steam works out as follows i— 

115,913,333 X ■,„^°°" „ = 103,184,493 ft-lb. 
112 >i 10 '03 

The average indicated horse power during the trials waa 
199'63, and the average pump or actual horse power 178'47; 
the mechanical efBciency was thus 89'41 per cent. 

Measured in horse power terms, the average coal oon- 
sumption was l'TI2 lb. per indicated and 1*916 lb. per actual 
or pump horse power per hour. The steam consumption wu 
17'171b. per indicated and 19"21k per pump horse power 
per hour. 



CMPINO ENGINE, SUKKACE TYPE. 



153 



1 



It ia interesting to note that the " Blip " through the 
Yftlvea anil the pistons of the piimpa was but 1'27 per cent 
with one pair of the engines, and 0'87 per cent with the 
other j»ir. 

By a sepa,rate teat, the coal required for the boiler feed 
pumps waa found to be 2'38 per cent of the whole quantity 
UBod, or 00511). per actual or pump horse power. The 
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ateaDQ used for the fee<l pumps duriog the trial was taken 
from a separate boiler, supplied with coal apart from that 
used for the pumping eugiues. 

MisE Pumping Engine, Sdrfacb Type. 
Figa. 9 1 and 92 represirat, in eleTation anil plan 
respectively, a differential aurfaco mine pumping engine by 
Moaara. Hathorii, Davey, and Company, of Leccla. Such 



engines, which njtiy be either aingle-oylinder, compound, or 
triple expansion, are fixed on the surface, and their 
reciprooating motion ia transmitted to the pumps (fixed in 
the shaft) by means of quadrants mounted on beams across 
the shaft mouth. The particular type illustrated ia termed 
by the makers the "South Stafl'ordahire mine drainage type," 
and the engine is arranged in thia inatanee for working 
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bucket pumps in pairs. For lifta up to 200 ft. an engine 
capable of raising 1,400 gallons of water per minnto will 
ooonpy the following (approsimate) sptice : A, 28 ft 6 in.; 
B, 15ft.; C, 3ft. 9in.; D, 16ft; E, 7ft 3in.; F, lift. 3in.; 
O, 6 ft. 3 in. 

The pump shown in the illustration is a compound with 
jet Qondenaer, the cylinders and coudensers being disposed 
in a tandem arrangement as illustrateiL 

The advantages claimed by Meaara. Hathom, Davoy, and 
Company for surface as again at underground pumping 
engines are : Economy in steam, and therefore in coal ; iu 
boilers, and in stokers' wages ; also greater safety in cases 
where the mine is liable to be flooded. 

MiSE Pemping Esgine, UKoEBGRorND Type. 

Fig. 93 illustrates, in elevation and plan, a differential 
underground mine pumping engine, by Messrs. Hathorn, 
Davey, and Company. The engine is compound and jet 
condensing; the two steam cylinders, the condenser, and the 
pumps (which in this case are of the piston type) are 
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as illustrated. The 
ing piston pumps a 



makers express their experience r 

follows : " Pumps of this class are less suitable for 
permanent colliery work than ram pumps, as, unless the 
water is practically free from grit, the piston jwcking is 
liable to give trouble ; but, on the other band, they occupy 
a rather smiller space longitudinally than a ram pump, and 
are aoraewbat leaa in first coat." For heads up to 150 ft, a 
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pumpiug engine of this tjrpe capnble of raising 1,300 gallons 
per minute will occupy the following (approximnte) space : 
A, 4:3 ft 6in.;B, 31ft. 6in.; C, 7 ft. 9 in.; D, 5 ft. 6 in.' 

Tlie makers give as the advantages of underground pump- 
ing engiuea, aa compared with the surface type, that their 
capital coBt is much leas, probably about ooe half the amount 
for the same horse power, and that space ia not taken up in 
the shaft with spear rods and guides. They are, therefore, 
very largely adopted where coal is cheap and capital coat an 
important eonai deration. 

Ab regards the duty of the two types, Messrs'. Hathorn, 
Davey, and Ca make the following statement : " As an 
approximate estimate, the duty in pounda of water raised 
1 ft. high per cwt of ordinary engine coal burnt may, for 
single or duplex steam pumps, be taken as from 12 to 25 
millionB according to the size of pump, steam iiressiu^, and 
conditions of work ; and for a compound steam pump from 
30 to 40 millions ; while a surface en^ne will m ordinary 
work give a duty of from 50 to 60 millions." 

Whilst such statements from eminent firms setting forth 
their eiperience of the figures obtained in the daily working 
of pumpa are of great practical value, inaiateuce must agaiu 
be laid on the importance of having before us particulars as 
to the respective services and conditions of the rival types 
before arriving at any definite conclusion. 

DaVEV'm DlPFBRENTIAL VaLVB GhAR. 

The valve gear from which the fliitliorn-Davej pumping 
engines, above referred to, obtain the name of "differential " 
is illustrated at fig. 9-i. The makers' description is as 
follows :- — 

"Davey's differential gear consists essentially of a small 
subsidiary engine, tlie speed of which can bo regulated by 
means of a cataract cylinder to any desired rate, and of a 
pair of links having no fixed anchorage, but attached at one 
end to a rocking shaft (or other convenient part) driven from 
and moving with the main engine, and at the other to the 
small subaidiary engine above referred to. It is evident 
that, auppoaing the subsidiary engine and the main 



1 



the ■ 
lent ^M 



156 THE CONSTKTJCTION AM) WORKING OF PCMP8, ^^M 

to be moving in opposite directioue, a. point nt the centre of 
the links will not be moved exactly in acoordance with either 
of them, but will have a mean or differential motion between 
the two. It is from this central point that the valves 
receive their motion, and the arrangement is anch that the 
valves are opened when the linka are moved in the direction 
in whioh tlie subsidiary engine tends to move them atid 
olosed when the links are moved in the direction in which 
the main engine tends to move them. As before noted, 
the anbsidiary engine is controlled by a oataract cylinder, 
and can, therefore, be set to move at a rate wh ich 




will give the necessary valve opening when the main engine 
is working at any required apeod ; but directly the speed is 
exceeded, either from increase of steam pressure or decrease 
of load, the main engine gains upon the subsidiary engine, 
the closing of the valves is aocelerated, and steam either 
throttled or entirely cut off. The gear therefore forma a, 
seiiBitive governor acting directly upon the steam valves. 
'J'Jie ilhiHtratJon shows a suba^AiaTy pw^wb (i? Hve kind 






veferred to, together with a second email aubaiiUary aogine 
also reguliited by u. CBtaract. This second amftU engine is 
uaed to reverse the stonm valve of the differential gear 
engine, which therefore pauses, and with it the main engine 
also, until the secondary engine has made its stroke. The 
catojraot regulation enables this pause to be adjusted to a 
aicety, from a. more dwell at the end of each stroke to a 
pause of 10 to ID or more seconds when for any reason it is 
liesired to rnn the main engine dead slow." 

The Wortuisgton High-duty PuMriNG Esgise. 

Fig. 95 is an illustration of one of four Wortbington 
liorizontal triple-eipaosion high-duty pumping engines in- 
stalled for the entire water supply at the Paris Exhibition 
of 1900. The following particulars are from the published 
records of tho Worthington Pump Company ; — 

"Each eiisiue has — 

»Two high-pressure steam cylinders, each 12 in. in dia. 
Two intermediata „ „ „ 20 in. „ 

Two low-pressure „ „ „ 34 iu. „ 

Two double-acting water plungers „ 26 in. „ 
And all have a uniform stroke of 24 in. 
Size : 12 and 20 and 34 by 26 by 24." 
The engine is capable of delivering 6,600 imperial 
l.'alloua of water per minute againat a head of 32 lb. 
per square inch with a Steam pressure of 1501b., aud 
when working at a piston speed of about 150 ft per minute. 
The high-preasure cylinders are bolted directly to the 
cradle between the steam and water ends ; the intermediate 
cylinders are placed next, but with an intervening space 
between. The low-pressure cylinders are bolted directly to 
the intermediate cylinders, and thus form the extremity of 
the steam end. Tho high-pressure piston rods are directly 
coupled to the pump rods. The low-preasure pistons are 
attached by side rods to their respective crossheads. Eaoh 
intermediate piston is connected to its low-pressure pisti 
by a rod working through a long metallic sleeve. ~" 
intermediate-pressure cylinders are fitted with dash relief 
valves to regulate the length of stroke of the engi) 
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The steam in pausing from one cylinder to the next goes 
through re-heatera aituatetl Iwlow the high and intermediata 
cyhnders, nbere it is re-heated by live steam at full boiler 
preaaure. These re-heaters are fitted with brass tubes and 
arranged in connection with the jacket system, so that the 
at«am passes in succession through the cylinder jackets and 
TS-heaters. 

The stpam-valve motion is a modification of the Corliss 
type. The cylinders have two admission valves, one at each 
top oomer, which servo also as cut-ofi valves ; ttie two 
exhaust valvei of each cylinder are placed at the bottom 
oomera. The four valves are operated from a central wrist 
pl&te, moved through the medium of links and rockshaft 
from the opposite crosshead, in the ordinary manner of the 
duplex valve gear. The exhaust valves are opened and 
cloaed by links connecting the cranks on the valve spindles 
directly with the wrist plate. The steam admission and 
cut-off valves, on the other hand, are connected by links 
from their cranks to a secondary four-arm crauk, fulcrumed 
on the wrist plate, but which receives its motion from its 
own side of the engine. This gives the effect of a broken- 
link or knuckle-joint connection between the admission valve 
and the wriat plate, which results in the valves being opened 
by the motion of the wrist plate proper as derived from the 
opposite side of the engine, and cloaed by the secondary 
motion carried through the four-arm crank and derived from 
their own aide of the engine. The makers claim that with . 
this arrangement the cutnaff is as rapid as can be desired, 
and that being without trip motion, releasing, or other 
device, the valve gear is exceedingly simple, and capable of 
very wide adjustment. The point of cut-off may be varied 
at will, and each valve can bo altered separately while the 
engine is in operation. 

The four compenHn.tion cylinders, two for each side of 
the engine, are of cast steel, and have large trunnions carried 
in bearings on the main frames. Each cylinder contains a 
single-acting cast-iron ram or plunger, having chilled and 
ground surfaces. Tlieae plungers are screwed into T heads 
or thrust pins, which work in bearings carried on the respec- 
tive crossheads of the main piston rods. Thus with the 
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motion of the piston rods the compensating cylinders are 
oscillated back and forth by means of their plungers, which 
run in and out of the stuffing boxes. The compensating 
cylinders are always under constant pressure ; hence there is 
an equal load on the compensating plungers at all points of 
the stroke, and the actual effect of this force on the piston 
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rod of the engine is determined by the various positions of 
the compensating cylinders during the stroke. The closed 
ends of the compensating cylinders are connected by ports 
whieh pass through the trunnions to a central distributing 
pipe which is in connection with a differential accumulator. 

Figs. 96, 97, and 98 represent in diagram form the 
positions of the compensating cylinders at the beginning 
(fig. 96), the centre (6g. 97), and the end (fig. 98) of a 
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piBtoa Btroke, During the first half of eacti stroke of the 
engine pistona the compensatiug cylinders exert a retarding'- 
influence. At mid-stroka they have ng efl'ect on the motion 
of the piBtoiLB, hut they assist tha nrntiuu in the second half 
of stroke, and such iicuelenitiDg iufliience iiicreaaes uniformly 
with the decrease in the force exerted hy the expanding 

Though the head or preasure on pumps was rather under 
31 lb. per square inch, they gave a pump horse power per 
hoiu: with 14'9T lii. of steiini. The particulars supplied con- 
cerning the test giving such result are as follow : — 

1^ Steam pressure luG lb. 

H Superheat 91-8 deg. Fah. 

^ Water pressure 30'5 lb. 

Vacuum 26 in. 

Pieton speed 162-4 ft per miuut«. 

Pump horse powyr 156 

Steam consumption (exclusive of i 

jackets) 13-35 lbs, per P.H.P. per hour. 

Steam consumption (iuctusivM of 

jackets) U -97 lbs. perP.H.P. perhour. 

The makers give the following general particulara con- 
cerning their compeuaating aystem ; — 

"By thus alternately taking up and exerting power duo 
to the different angle in which their force is applied to tha 
line of motion of the plungers, these compensating cylinders 
in effect perform the fvinction of a flywheel, but with the 
important economical difference that they utilise a pressura 
of compressed air instead of the energy of the momentum. 
Their action is readily controlled, aud their power may not 
only be proportioned to the work to be done, but it b 
entirely unaflected by the speed of the engine ; and the 
same amount of expansion may be obtained by the engine 
whether running at a speed of 10 or 200 ft. per minute, or 
whether running at 5 or 50 revolutions. This latter feature 
is one of great importance, affecting as it does so favourably 
the economy of the engine when applied to any service 
where the demand is irregular or intermittent Where such 
is performed by a flywheel engine it is a woll-kiiowu 
llcp 
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fact that the best economical results are obtained when the 
engine is running at its full rated capacity, and that this 
economy rapidly diminishes as the speed is decreased. With 
every change made in the speed of a flywheel engine a cor- 
responding change must be made in the point of cut-off; 
when the speed is decreased the steam must be made to 
follow further in the stroke of the piston, thus reducing the 
expansion, and consequently the efficiency and economy of 
the engine. There are many flywheel engines running on 
direct or standpipe systems that are obliged to go slowly in 
delivering the quantity of water demanded by the service, so 
as to necessitate the steam being carried nearly, if not quite, 
full stroke. As a result their practical duty falls off very 
materially, oftentimes not exceeding one-half the duty 
obtained by trial. 

"The Worthington high-duty engine with compensating 
cylinders overcomes this objection perfectly. The economy 
is not appreciably affected by the variations in its speed, and 
a3 the rate of expansion of the steam in cylinders is constant 
under all changes in the rate of delivery or speed of the 
pump, the economy can only be affected as regards the 
greater cylinder condensation due to the slower speeds, and 
which, in an engine as thoroughly jacketed as this type of 
engine always is, can only be a very small percentage. The 
force of the compensating cylinders can, at the will of the 
attendant, be thrown on or off the engine instantly, and 
without the cut-off mechanism becoming disarranged ; they 
can be quickly disconnected from the engine, which can 
then be run as economically and as satisfactorily as those 
ordinarily constructed without them.'' 



r 



CHAPTER XIV. 
Hydraulic KitMS. 



These well-known machines, with which the energy of a 
body of flowing water can be utilised for the purpose of 
elevating a portion of such body to a higher level, are 
eminently suited and largely adopted for the water supply 
of large country residences, and for fiirma, nurseries, or other 
like services where a river or stream is available. Hydranlio 
rams are also constructed, so th»t what we may term the 
motive-power water, instead of raising a portion of itself as 
aforesaid, is made to raise well water to the required eleva- 
tion. This type is sometimes known as the " dirty-water , 

Fig. 99 is a sectional elevation representing one form of 
the ordinary hydraulic ram, in which the motive-power water 
elevates a portion of itself. Such water, taken from a river 
or other source, flows down an inclined fall pipe (on opening 
the gate or stop valve in such pipe), enters the ram at A, 
and passes out through the inwardly opening valve B. But 
the rush of water speedily closes the valve li, and the outlet 
being thus blocked, the momentum of the bmly ol witter 
within the inclined fall pipe and the ram ii^self lifts the 
valve C, thiis permitting the water to pass into the air 
vessel D, and up the rising main or pipe E. When the 
momentum of the water is speut, the valve B again falls 
open, and the action is repeated. Tills will continue as long 
as the fall-pipe valve is open and water is available for 
keeping such pipe charged. Tbe pulsationa, or openings 
and closings of the valve B, follow in regular and rapid 
succession, so that with a good air vessel a fairly regular 
delivery may be obtained through the discharge pipe E. 
F represents a small snifting valve, admitting a little air at J 
each pulsation. 

In the " dirty-water ram," represented in sectional eleva- 
tion at fig. 100, the momentum of the water on the closing 
of the inwardly opening valve B ia expended in moving the 
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HYDKAULIC RAM>«. 



piston a against the action of the spring b. When the ] 
momentum is spent, the piston is returned by the apnng, i 




d thns we get, during the action of the ram, 
reciprocation of the piston a, which, like the ordinary 
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^^^H placement of a pump piston or plunger, cauaes water to 
^^^V enter from the Ruction pipe c, through the valvs d, and to 
^^^* be discliargeci through tho valve e and pipe/. 
F Fig. 101 is an illustration of a hydraulic ram by Messrs. 

B. Warner and Co,, of 97, Queen Victoria Street, London, E.G.* 
and Walton-on-Naze, Esses. The makers give the following 
description l— 

" They may be placed at any distance from where the 
water is required to be delivered, but care should be taken 
that for long lengths of risiug main the latter should be 
sufficiently large, ao that the power is not unduly wasted in 
overcoming the friction of the water through same. The 
quantities of water raised by hydraulic rams change very 

Fmuch, according to the ratio of tho fall to the height that 
the water has to be raised. The drive pipes, to be satis- 
fiictoiy beyond the 3 in. size, should be of cast iron, made 
very heavy with face flanges, provided with strong brackets 
between the bolts, and the ends of the pipes should be 
turned and bored to fit each other for about three-eighths of 
an inch at the ends. Each ram is provided with an efficient 
I snifting valve for maintaining a constant supply of air to the 

^^^^ air vessel, a small quantity being admitted at each beat of 
^^^H the pulse valve." 

^^^1 Fig. 102 is an illustration of a ram termed the "Cahban," 

^^^r made by Messrs. W. H. Bailey and Co. Limited, of Albion 

I Works, Salford, Manchester, The makers' list of sizes range 

ftom a l in. fall or driving pipe and a i-lin, delivery pipe, to 

I a 6 in. fall pipe and a 2^ in. delivery pipe. The approximate 

. delivery to a height of SO ft with a 10 ft. fall is given as 

I 25 gallons per hour for the small ram, and 1,500 gallons 

per hour for the large ram. Tho makers give the following 

further particulars ; — 

" The efficiency of all hydraulic rams depends chiefly upon 
I the amount of fall to be obtained. They may be employed 

for Buoh a slight fall as 2 ft. — that is, the spring, brook, 
I stream, or other source may be only 2 ft. higher than the 

ram when fixed into position. As the height of the fall iu- 
oreases, however, the mora powerfully does the hydraulic ram 
act, and its ability to force water to a greater elevation and 
diataace increases oorteBpooimgVj wvtkthe relative height 
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of the source of supply above the ram ; and the elevation to 
■which it IB required to raise the water, determines the 
relative proportions of the wiiter raised and run to waste. 
For general requirements it may be safely calculated that 




iiboiit one-seventh of the volume of water falling into the 
mm can be raised to an elevation five times the height of 
the fall, or one-fourteenth part of the volume can be raised 
about t«E times the height it &lla, and ao on in like pro- 
portion according as the fall or height is increased or 
diminished. 
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" Bends or angles in the pipes (either fall or tJelivery) 
should be avoided if possible, and when ueceaaitry thej 
should be as large as possible (beuds preferable to angles). 
The pipes (both fall aiid delivery) should be ruii under- 
l>roimd to protect them from injury. In cnaes where water 
liaa to be forced long distaucoa, the delivery pipe should be 
rather larger than for short distances, to allow for friction, Ac., 
of water ia the pipe. To obtain the moat effeotiTe duty from 
Bfule/a 'Calibaa' rauj, the fiUI pipe should be placed at a: 
iLQgie of 45 deg. from the source of aupply to the raa 
\Vlieii this ia more than 12 ft above, and the fall pipe 
<leacenda at a greater aiigie thau that of 45 deg., one 




more bends should 
the velocity 



the \ 



I n tl e f 11 pipe, so as to reduce 
nd thu prcTeut injury to the 



Another type of hydn ul c an by Meaara, Bailey ia known 
as DeccEur'a patent. F j, 103 a n. an ill illustriition giving 
an external view of one of these rama. Fig. 104 ia a larger 
sectional view of one type of thia ram, as deacribed in the 
patent apecification (No. 15731, of 1894). The specification 
states that waste is avoided by reducing the velocity of the 
current of water passing through the eacape valve A and by 
placing the delivery valves B as near aa poaaible to the 
eacape valve. 



I 
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The stroke of the valve A is controlled by the nut C 
regulating the tension of the springs e, c', and the stroke of 
the valves B by the nut D. The lever E serves to raise tbc 
valve A, and so start the ram. The waste outlet F is pro- 
vided with a knee or bend (not shown) entering a water 
Bump or basiu which prevents re-entruuce of air. Sufficieat 



^^ the 
^^^Bai 




for the supply of the air vessel or compression chamber G 
1 pass around the valve rod. In liirge rams the valve A in 
iplaced by a disc or ring-shaped valve of large diameter ; 
the regulating springs are then placed above the chamber G, 
and connected to the valve by a sliding frame. Measra. 
Bailey's list sizes of this type of pump ram range from a ^ in, 
' " or drive pipe and \ in. delivery pipe, to a 20 in. fall pip; 
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and an 8 in. delivery pipe. With the latter size the capacity 
is given as 2,400 gallons per hour raised 100 ft. high with a 
10ft. fall; the mean quantity of drive water required to do 
this work is given at 600 gallons per minute. Referring to 
the advantages of this ram the makers state — 

" It will force one-third of the drive water to two and a 
half times the height of fall, one-sixth to five times the fall, 
one-tenth to eight times the fall. It is suitable for any fall 
from 12 in. to 40 ft.'' 

It is frequently, but erroneously, concluded that hydraulic 
rams can never at anytime utilise more than a. small per- 
centage of the energy of the fall or driving water. In the 
trade lists published by Messrs. Blake and Sons, of Accring- 
ton, they record the following result of a test by a user : — 

" Working fall of driving water, 30 ft. ; vertical height 
raised, 127 ft.; length of rising main, 850 ft. from ram to 
outflow ; length of supply pipe, 200 ft. ; gallons per hom* 
raised, 1,612; driving water used per hour, 8,186 gallons. 
Efficiency, 83 per cent." 

The efdciency has been obtained by comparing the useful 
work done with the actual expenditure of energy required to 
do it. Thus it is evident that as the 8,186 gallons, or 
81,860 lb., of driving water fell 30 ft., its energy on entering 
the ram was 

81860 X 30 = 2455800 foot-pounds ; 
similarly, the useful work done was 

16120 X 127 = 2047240 foot-pounds ; 
we thus obtain the efficiency as follows : — 

2047240 



2455800 



= -83. 



Another published result as to the performance of a ram 
of a different make gives an efficiency of but 27 63 per cent, 
with a fall of 11 ft. and a rise of 76 ft. 

From the figures given concerniug the last sized Decoeur 
ram previously referred to, it will be seen that the energy 
of one hour's flow of fall water is 

600 X 10 X 60 X 10 = 3,600,000 foot-^^ouuda •, 
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and the actual work done 

2400 X 10 X 100 = 2,400,000 foot-pounds ; 
these figures give an efficiency of 

2400000 



3(300000 



= -67. 



In comparing figures relating to the performance of rams, 
it must be carefully remembered that the higher the ratio 
between the fall and the height of lift, the lower the 
efficiency. The figures published on a list of ordinaiy type 
rams by another maker, for a 10 ft. fall and a 100 ft lift, 
gives an efficiency of but 50 per cent, as against the above- 
named 67 per cent for the Decoeur ram; but if the same 
ram is employed for a 50 ft. lift with the same fall, the 
efficiency rises from 50 to 79 per cent. 

Windmill Pumps. 

The application of windmills for the purpose of raising 
water, so largely practised in America, is steadily, if slowly, 
extending in this country. The annular sail type is that 
most generally used. Fig. 105 represents such a mill, 10 ft. 
diameter and 20 ft. high, as made by Messrs. Robert Warner 
and Co., of 97, Queen Victoria Street, London, and Waltou- 
on-Naze, Essex. It is further described as "direct-acting," 
for no gearing is interposed between the sail shaft and the 
pump. The mill is provided with an automatic regulating 
arrangement for opening and closing the sails to allow the 
wind to pass through the same, in case of sudden gusts, 
without doing any damage. It can be stopped and started 
at any time. With a 10 mile wind the mill, as illustrated, 
and of dimensions above referred to, will raise 120 gallons 
of water per hour 100 ft. high. A mill having a sail 20 ft.* 
diameter will raise 960 gallons under the same conditions. 

Respecting wind power, Messrs. Warner give the following 
particulars : — 

" We would remark that the quantities of water given in 
the lists, that our mills will raise, are less than those given 
hj some other firms, but special attention should be paid 
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to the fact that the quantities we give are raised by b 
10 mile wind, viz., juet a pleaaant breeze. Thia velocity of 
wind can generally be relied upon for 8 boura out 
of 34, while bigher velocities cannot. It is highly im- 
portant, especially where the storage capacity ia limited, 
that the mills abould, if possible, work every da,j. With a 
20 mile wind, viz., a briek breeze, windmilla are four times 
more powerful than with a 10 mile wind, Rnd our mills with 
about a 15 mile wind blowing through the entire 24 boura 
have often raised from four to five timea the quantities we give 
for a wind blowiug at the rate of 10 milea per hour, reckon 
ing upon the latter being available for 8 houra out of the 
24 only. The large quantities, however, that ciiu be raiaed 
in strong winds are, in the majority of cases, of little or no 
value, owing to inaufBcicnt storage capacity obtaiuable." 

A wind velocity of 10 milea per hour, or 14*67 ft per 
second, gives a pressure of nearly t, lb. per square foot ; 
15 miles per hour givea a pressure of rather more than 1 lb. 
per square foot. The ratio between the pressures may be 
taken as about 2 : 5. 

The list diameters of the sails of direct-acting windmilla 
by Messrs, Warner and Co. range from 7 ft. to 30 ft The 
geared windmills have sails ranging from 16 ft. to 40 ft in 
diameter. With the largest size, 6,000 gallons of water 
per hour can be raised against 100 ft. head with a 10 mile 
wind. 



CHAPTER XV. ^M 

Manual and Animal Fowbh Pdmph. 

Jaheb Watt, for the purpose of comparmg hia engines with 
animal power, adopted a rate ot work equal to 33,000 foot- 
pounds per minute as his standard measure of the capacity 
of a horse. Though this remiins the reco^ised standard in 
thia country for the espreasiou of mechanical work, it muat 
not be forgotten that Watt wisely adopted a high value. 
Any animal worthy of the name of a horse should be 
capable on emergencies, and nith the ludicious application 
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l)y the driver of the recognised persuasive and coercive 
methods, to perform work, for a very short time, much in 
excess of the engineers' standard. But only a most power- 
ful cart horse will be able to keep up such standard rate of 
doing work for a lengthened period, as may be necessary on 
pumping service. 

Similarly, though a strong man working at "high pres- 
sure " may be able for a short time, and by a special effort, 
to exert ^th of a horse power, or to do mechanical work at 
the rate of 5,500 foot-pounds per minute, the standard 
"man power" as adopted by leading makers of hand 
pumps, viz., -^th H.P., or 2,750 foot-pounds per minute, is 
doubtless high enough for any continued effort. 

And great care must be taken not to assume too high 
a figure in considering the force or pressure exerted by 
a man on a pump handle. It is possible for him to impose 
the entire weight of his body upon the handle, but the 
force or pressure exerted by an ordinary man on continuous 
pumping should not be estimated at more than 25 lb. If 
the leverage of the handle is insufficient to^ive the required 
increase of such pressure (of course at the expense of the 
stroke), then gearing must be provided between a hand 
wheel and the pump rod to still further increase the pres- 
sure applied to the bucket or plunger, with a corresponding 
reduction in speed. 

A hand wheel, or flywheel as it is sometimes termed, is 
generally considered more pleasant to operate than an 
ordinary pump handle, as the former, especially if provided 
^ith a heavy rim, serves as an equaliser of the energy 
applied thereto. 

The following figures are from the catalogue of Messrs. 
Joseph Evans and Sons, of Wolverhampton : — 

Capacity of a powerful horse = 33,000 ft -lb, per min. 
„ „ pony or mule = 16,500 „ „ 

„ „ an ox = 11,000 „ „ 

„ „ a man = 2,750 „ „ 

Fig. 106 is a typical hand pump for general outdoor 
service. The water is not forced through piping or 
subjected to pressure by the upstroke of the bucket, but 
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ia eimply lifted by siich etroke up to the level of the epont 
through whioh it is discharged, Siicli a pump ia therefore 
known aa a " lift pump." The makers of the pnmp, aa 
illustrated — Mesara, Joseph Evana and Sooa, of Wolver- 




hampton— also describe itaaa "yard pump." Aa an anti- 
freeziiig arrangement the makers place the working barreU 
3 ft long, nnrter the ground leve!, instead of making the 
hollow standard itself eerve as the barrel, aa in the figure. 
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111 the " lift and force pump," by Meears Evans, illustrateil 
at fig. 108, the pump rod pnases out of the delivery chamber 
through a. ituffing box, and the eaid chamber ia so closed as 




Fio. 111. 



to permit of the application of such force upon the water 
therein oh to discharge it through the outlet branch under 
the required pressure. Fig. 100 is a aectional view of a 
pump of this type, with the delivery branch provided with a 
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icrewed end for hose ooQiiection, and doliyery pipe connection 

Kith attAohed air vessel and dip pipe. 

Fig. 110 illustrates a lift and force pump, by Mesitra. 

aa, monnted on a hard wood plank. This well-known 



type of hand pump can be very compactly and c 
tixed against a wall. 



sniently 




The lift pnmp illustrated at tig 111 la by Meaara. Robert 
Warner and Co of 9 Queen V ctoria Street, London, 
and Walton-on Nize Essex They terra it their " Pillar- 
frame type I „ 112 illuatrates combined manual and 
animal power well pumping machinery by the game makera. 
Either aide can be put in or out of gear aa required by meana 
of lever-operated clutches. 

Fig. 113 illustrates a double-barrel deep-well pump 
Mesara. Evana, with what ia termed an engine frame, carrying 
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the operating crank shaft provided with haudles and 
flywheel. 

Another type of hand pump ia shown at fig. 114. This 
is known as the "Manchester" double-acting hand pump, by 
Messrs. Frank Peam and Co. Limited, of West Gorton, 
in that City. 




I Wam 

^1 these 



Fig. 116 represents a modem type of one of the 
ancient of water-raiaing apphances — the chain pump. The 
particular machine here shown is by Measra. Roberb 
Warner and Co. Having no valves or packing of any kind, 
these extremely simple machines are employed with 



immt 
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adrantage for pumping liquid 
water and for many other 



, gas tar, thick muddy 
that would speedily olog 




I 



an ordinary reciprocating pump Messrs, Warner also make 
chain pumps amnged for ammal or for engine power 
driving 
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Fig. 118 is an illaBtration of treble-barrel deep-well 
pumps, with bullock or horse genr, by Messrs. Joseph Evnns- 
nnd Sods. 

A centrifugal pump arranged with horse gear, by Messrs. 
W. H. Allen, Son, and Co., of Bedford, is illustrated at— 
fig. 117. The makers recommend it for supplying country — 
houses with water, for filling cattle tanka, and for similat— 
purposes. They state : " It is very easily fixed and i 




sat to work, it is not likely to get out of order, and ai 
ordinary labourer can attend to it. The horse gear can 
used for driving chatf-cutting "■■ turnip-cutting maohinea, a: 
other tools when not pumping." 

Seui-rotary Pomps 
A very neat and compact type of double-acting hand-po J 
pump is obtained by the employment of fised and ino\ 
radial brackets or valve plates within a circular casing. 
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brackets are each provided with a pair of valves, serving for 
the suction and delivery respectively. The movable 
bracket, which carries the suction valves, has a rocking 
motion imparted to it by means of a lever fitted on the pro- 
jecting end of the central spindle to which the bracket is 
secured. The said rocking motion gives the displacing or 
pump action. The pump can be readily bolted to a wall or 
plank. 

Diaphragm Pumps. 

In these pumps, which are used for dealing with thick 
and muddy liquids — indeed, " with anything that will flow." 
as is sometimes stated — the displacing action is obtained by 
the reciprocation of the central portion of a circular or 
other shaped diaphragm. Such diaphragm consists of a 
flexible disc of leather, indiarubber, or other material, 
having its edges fixed to the pump body. The space 
beneath or on the one side of the diaphragm forms the 
suction chamber, whilst the opposite side serves as the 
delivery chamber. A valve and its seating are fitted to the 
central portion of the diaphragm, and also a bridle or bridge 
piece, to which the pump rod is attached. The reciproca- 
tion of the pump rod with the attached central portion of 
the diaphragm is effected by a pump handle or lever in the 
ordinary manner. 
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CHAPTER XVI. 

HlHH-DUTT PUMPINB EKOmBfi PrBSBST pRACTfCB. 

Tub present standard practice, both i 
America, for high-duty pumpiog en;^ 
and aimilar services, is to employ triple-expauBton engines 
of the vertical and three-crank type, tiie pump rams or 
plungers being worked direct from the engine crossheada. 
An exoeilent exaraple of the foregoing ib the pumping 
engine at the Rosario Waterworks, Argentina, built by 
Meaars. Hathom, Davey, and Co. Ltd., of Leeds. The 
steam cylinders are respectively 15 in., 25 in., and 40 in. 
diameter, and the stroke of each piston 36 in. lu direct 
connection with each crosshead there are two single-acting 
rams, one of 16 in., and the other of 16f in. diameter. 
The rams or plungers have, of course, a uniform stroke of 
36 in., the same as that of the steam pistons. The normal 
speed of the engine is about 35 revolutions of the flywheel 
shaft per minute, giving a piston speed of 210 ft. per 
niiQute. The makers give the results of a. test as foUoirs : 
Horse power in water lifted, 209 ; boiler pressure, 177 lb. 
(above atmosphere) ; steam used per I.H.P, per hour, 
11091b.; thermal efficiency measured in indicated work, 
20'99 per cent; steam used per pump H.P. per hour, 
1 2'28 lb. ; combined meohanica! efficiency of engines 
and pumps, 90'2 per cent; duty per 1,0001b. steam, 
161,250,000 foot-pounds. Tho steam was superheated to 
the extent of 63'3 deg. Fah. at the engine stop valve. 
From the foregoing figures the thermal efficiency in actual 
work done can be calculated as follows : — 

20'99 X ~ = 18-93 per cent 

A further interesting example is afforded by the very much 
larger engine, of the same type as the foregoing, at the 
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Boston (U.S.A.) 'Woterworka, and constructed by the Allis- 
Chalmers Company, o£ Milwaukee. The cylinders are 
respectively 30 in., 56 in., and 87 in. diameter; stroke, 
5Jft. ; capacity, 30,000,000 U.S. gfillons per 24 hours; 
with 185 lb. steam presBure, and 195 ft, piston speed. T^q 1 
foUotviDg figures are giveu as the result of an ofhcial test: 
Dry steam per I.H.P. per hour= 10"335 lb. ; duty, 
17S,497,000 foot-pounda per 1,0001b. of dry steam (this 
gives ir091b. per pump horse power per hour, and a 
mechanical efficieiicy of 93*1 per cent); thermal efficiency, 
measured in pump horse power or actual work done, 21'63 
per cent. 

With regard to the foregoing, it will be seen that the 
advantage in steam consumption per pump horse power of 
the Boston over the Roaario engioe is 97 per cent. It will 
probably be agreed, however, that the makers who could 
produce such an excellent result with a comparatively 
small engine, such as that of Rosario, would have no 
trouble in obtaining that 97 per cent with an engine 
giving the possibility of economy presented by the figures 
representing the size and capacity of that at Boston. But 
no well-adnaed waterworks committee io this country is 
likely to adopt so large an engine. Economy, both in first 
cost and in maintenance, will, after due allowance for the 
advantage of the large engine in steam consumption, point 
in the direction of two or more smaller engines rather than 
the abnormally large one. 

Fig. 118 is from a photograph of a triple- expansion 
pumping engine by Messrs. Halhom, Davey, and Co. Ltd. ; 
tie engine is similar to that at Rosario, above referred to. 
Fig. 119 illustrates an engine of the same type, by the 
same makers, but in this case the flywheels are placed 
outside instead of between the cranks; the engine is one 
of three supplied to the Birmingham Canal Navigation. 

Messrs. Hathorn, Davey, and Co. Ltd. are at the present 
time building four triple-expansion vertical pumping 
engines, which they have guaranteed to work with a steam 
consumption of lljlb. per pump horse power per hour 
The makers may be relied upon to obtain a duty appre- 
ciably under their guarantee. 



HIGH-DUTY PUMPING ENGISBS. 189 

In the eugiues previously referred to the pumps are 
beiow the crank shaft au<l the floor level of the engine 
roam. Messrs. Glenfield and Ketiuedy Limited, of Kilmar- 
nock, have recently erected at a pumping station on the 
Wilge River, South Africa, two sets of triple-expansion 
vertical pumping engines, in which the pumps are above 
the crank shaft, being fised on the engine back columns, 
below the slide guides. Each crank is driven by a con- 
necting rod, which is forked ; the pump barrel lies between 
the two arms of the fork. Each engine has steam cylinders 
16iin., 27 in., and 45 in. diameter, with a 2 ft. stroke. 
The single-acting raiiis are each 10| ia. diameter. Each 
engine is fitted with an Edwards air pump, worked from 
the crosshead of the intermediate cylinder. The surface 
condensers are in pita in front of the engines; the water 
from the suction main passes through the condenser before 
reaching tbe pumps, 'Hie steam pressure is 1601b. There 
is one flywheel for ea^h engine fitted at one end of the 
crank shaft, which does not overhang but ia supported by 
an out bearing. 

In comparison with the foregoing vertical type triple- 
expansion pumping engines provided with crank ^aft and 
flywheel, we may refer to the twenty sets of horizontal 
type non-flywheel engines (Worthington) for the Coolgardie 
(Western Australia) water supply, which are briefly 
described as follows ; Twenty sets of triple -expansion high- 
duty Worthington pumping engines, each having two high- 
pressure cylinders 16 in. diameter, two intermediate 
cylinders 25 in. diaQieter, and two low-pressure cylinders 
46 in. diameter, aU having a common stroke of 36 in. 
These engines were required for pumping wat«r over a 
distance of about 350 miles. Distributed in eight pump- 
ing stations along the pipe line, twelve of the sets have 
water plungers 21 in. diameter ; the remaining eight 
have 15 in. plungers. The contract was secured by 
Messrs. James Simpson and Co. Ltd,, of Grosvenor Road, 
London, Working under superheated steam at a pressure 
of 175 lb. per square inch and a temperature of 500 d^. 
Fah., the contract provided that each of the pumping 
engines should be capable of attaining, throughout a 12 
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hours' trial, a duty of 135,000,000 foot-pouuds of effective 
■work per 1,000,000 B.T.U. supplied to the engine, which 
could not be returned to the boiler in the ordinary course 
of working. In published records of the tests the duty 
per 1,000,000 B.T.U. figures at 143,000,000 foot-pounds, 
whilst the work obtained from each 1601b. of coal (having 
a calorific value of 10,000 B.T.U.) reached 144,427.000 
toot-pounds in one test and 148,141,000 foot-pounds in 
another test. Taking the mechanical equivalent of the 
British thermal unit as 772 foot-pounds, the thermal 
efficiency measured in actual work accomplished by pun}D- 
ing is as follows ; — ^M 

143,000,000 _ ,o.^„ , H 



The steam conauniption in terms of the horse power is 
not given by the published figures. It would appear to 
be about 12 J lb. per pmup horse power per hour. 

The Rblativb Thbbmal Epficihncibi3 of Steam, Gas, and 
On. E^oiNBa. 

In connection with the foregoing figures as to triple- 
eipansion steam engines for pumping service, it is inter- 
esting to compare them with the results obtainable from 
gas and oil engines. The figures already cited for the 



triple-expansi 
thermal effici 
The mechani 



steam pumping engine at Boston show i 
itual work done of 2163 per ce 
ical efficiency is 93' 1 per cent, and . 



indicated thermal efficiency will therefore be 

21-63 X -i|^ = 23-23 par cent. ^M 

The indicated thermal efficiency of a large high-class gas 
engine may be as much as 35 per cent. For the Diesel 
oil engine an indicated thermal efficiency of 41 per cent 
has been reported. But the cost of pumping cannot, ot 
be calculated merely from indicated thermal 
With a triple-expansion steam pumping 
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engine, having the steam pistona and water plungers in 
direct connection the one with the ottier, a very high 
mechanical efficiency is obtainable. Mr. Michael Long- 
ridge, in a discuHEion on a paper on the Diesel oil engina 





(Proceedings, Institution of Mechanical Engineers, No. i 
of the yeu-r 1903), referred to triaJa he had made of i 
Diesel engine rated at 30 B.H.P., in which the indicated 
thermal efficiency ranged from 23'8 per cent to 39'1 per 
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cent. But the mechanical efficiency with the Jast^named 
value of the indicated thermal efficiency was only 62'2 per 
cent. Thus, in that case the thermal efficiency, meaaured 
in actual work dooe or in brake horse powe 

39-1 x-^= 24-3 per cent 

It will be seen, therefore, that a very high indicated 
thermal efficiency may not always represeDt the saving 
that the pump user may anticipate. 

To obtain the high indicated thermal efficiency values 
to which we have previously referred in connection with 
gas and oil engines, it is necessary to employ a, piston 
speed much higher than is suitable for the water plungers 
of a pump. Hence combined gas engines and pumps have 
not hitherto been constructed with the pump plungers in 
direct connection with the piston rod crossheads, as with 
the steam pumping engines already referred to. But 
pumps of the turbine type, to which reference will be 
subsequently made, appear to be as suitable for direct 
connection to a gas-engine crank shaft as to the armature 
shaft of an electric motor. For some services such a 
pump, directly driven by a gas engine, would probably 
prove more economical, even for pumping large volumes 
of water against considerable heads, than any big^-duty 
steain pumping engine as at present constructed. 



Dbtailb RBLATiNa TO Rbciprocatino Steau Pdmps or 
Pdupino Enqinbs. 

Superheating, Re-heating, Steam -jacketing.— 

For many years the well-appreciated advantages of 
superheating were considered to be outweighed by the 
attendent disadvantages, arising chiefly from burnt pack- 
ings and difficulties in the way of lubricating the 
internal moving parts of the engine, owing to decom- 
position of the oil. But to obtain the previously cited 
thermal efficiencies with steam pumping engines super- 






:AILS BBLATINQ to KEUIPROCATING STEAM PCMPS. 193 



heating muet be resorted to, and as suitable packinpg 
and oils are bow readily obtainable, it is commercially 
advantageouH to superheat to a moderate degree, so that 




the flteam ahall be kept sufficiently above its saturation 
point to avoid much if cot all cylinder condeasatiaD. 




At present it is not usual t-o superheat much beyond 

100 deg. or 120 deg. Fah., and, as will have 

from one o£ the exa,rapl6B we have previously cited, 
13CP. 



I 
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excellent results can be obtained with an extent oE 
HuperheatiDg but little ezceediog 50 deg. Fab. In 
testa and experiments engioee of various tjpes may have 
been worked witb st^ara whicli by euperheatiug has been 
brought up to or even exceeding a temperature of 
1,000 deg. Fall. Engines working under such conditions 
have been not inaptly described as "steam gas engines," 
seeing that the steam is entirely a gas during the time 
of its passage through the engine, no condensation occur- 
ring and the exhaust steam itself being at a temperature 
above saturation or condensing point. With steam so 




scarcely be any need either for 
espective cylinders of an engine 
or steam jackets on any of them. With saturated or dry 
saturated steam, or with but moderate superheating, 
re-heaters might be expected to be beneficial, but they 
do not always prove eo. Steam jackets are normally sup- 
plied with steam at boiler pressure, but better results 
have baen claimed (though no supporting evidence la 
available) by using boiler steam in the high-pressure 
cylinder jacket, high-pressure cylinder exhaust ateam in 
the intermediate cylinder jacket, and intermediate cylinder 
exhaust steam in the low-pressure jacket. 



DETAILS RELATING TO RECIPBOOATING STEAM PUMPS. 195 

With a view to increasing the thermal efficiency figures, 
and also for the benefit of the boilers, a Peed -water 
Heater is sometimes disposed between the low-pressure 
cylinder and the condenser. 

Steam Valves. — In the construction of high duty 
piunping engines of the vertical rotative or crank and 
flywheel triple-expansion type, the English practice is to 
employ Corliss steam valves on all three cylinders. A 
similar practice is followed by the Worthington Companies 
in the construction of their duplex non-flywheel pumping 
engines. But with the first-named type of engine the 
general American practice is to employ Corliss valves on 
the high-pressure and intermediate cylinders, and poppet 
valves (of the Cornish equilibrium type) on the low- 
pressure cylinder; in some cases, however, the inter- 
mediate cylinder has Corliss admission and poppet exhaust 
valves. The German and other continental engineers 
avoid rubbing surfaces as far as possible on the high- 
pressure cylinder, particularly with superheated steam, 
and hence they prefer poppet valves for the high-pressure 
cylinder. In a paper on '' American Pumping Engines " 
(Proceedings, Institution of Mechanical Engineers, No. 1 
of 1905), Mr. John Barr suggested that as the low-pressure 
cylinders of American pumping engines were frequently 
of large diameter (90 in. or 94 in.), very large ports were 
required. Some of such cylinders have two poppet valves 
in the top and two in the bottom, giving large areas and 
small clearances. 

Water Valves or Pump Valves. — There has been 
no general departure from the now long-established 
practice of using multiple valves, each valve consisting 
of a disc of metal, or of rubber or vulcanite hacked by a 
metal plate, with a closing spring of brass or phosphor- 
bronze. In a large pump a very great number of such 
valves are employed. In the paper previously referred 
to, Mr. Barr instances a vertical triple-expansion rotative 
pumping engine, having three pump rams, each 33 J in. 
diameter, in which the total suction and delivery valves 
amount to 1,176 ; each of the six valve casings contain 
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seven valve plates or cages, each cage being fitted with 
28 valves. The suction and delivery valves are, in ordinary 
practice, identical. 

Mechanically-operated or mechanically-controlled pump 
valves do not appear to have found the general favour 
amongst users that was at one time anticipated by some 
makers. The well-known Riedler mechanically-controlled 
valves permit of the high rotative speeds adopted in what 
are described as " express pumps." Such machines are 
well suited for power driving and for direct connection 
to an electric motor; but they have met with a formid- 
able competitor in the "turbine pump," to which we 
shall subsequently refer. 

The illustrations, figs. 120 to 125 inclusive, are from 
blocks kindly lent by Messrs. Fraser and Chalmers Ltd. , of 
Erith, Kent, and 3, London Wall Buildings, London, 
E.O., relating to the "Gutermuth" patent valve. Refer- 
ring to its construction, the makers state: "The valve 
can be made from a sheet of metal of the same thickness 
throughout, but in large valves subjected to heavy presr- 
sures the end of the sheet which forms the valve is 
thickened by a special process. The sheets are cut slightly 
wider at the end which is to be coiled, as this prevents 
the coils and the flaps from fouling the clamp, sides of the 
casings, or the adjacent valves. The valve ie simply 
slipped on to a spindle, which is held in place by means of 
clamps or set screws. Allowing for the difference of 
purpose for which they are made, the construction of the 
* Gutermuth ' valve is very similar to that of the hair 
spring of a watch ; both are equally elastic and pliable. 
As in the case of a hair spring, the * Gutermuth ' valve 
cannot be overstrained by any length of legitimate use. 
It may be claimed that this valve is similar to the hinge 
valve. Such is not the case, as its motion is altogether 
different, and at the same time there is no friction of any 
kind. Further, no separate springs or loose partes are 
necessary, as is the case with the hinged valve." 

Fig. 120 represents the closed and ^g. 121 the 
open position of the valve. ** It will be seen," 
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sing the makers' descriptiou, '' that the 
out of the way of thij moviDg' fluid. 




thuH oauwng reiy small frictional losses and 
o£ wear and tear of the valve and ita seat. 
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valve is always placed at an angle with the port open- 
ing, by which means the port becotnes entirely unoovered 
with a. very amall movement of the valve itaelf. The 
resistance o£ the valve to be overcome by the Sow is very 
Bmall, and, further, the peculiar lift of the valve causes 
it to close instantly when the flow ceasee. The valve 
closes with a wiping motion, which dirtinguishes it from 
all other valves of this type. It i« this motion which 
eDBures the silent working of ' Gutermuth ' valves." 

Fig. 123 represents an ordinary spring-loaded mush- 
room or disc vftlve, and figs. 123 and 134 the same valve 




when water is passing it mider a. slight pressure and a 
considerable pressure respectively. Fig. 125 is an illus- 
tration showing the valve removed, and the water iKsuing- 
freely from the valve way. Messrs. Fraser and Chalmers 
state that from these illustrations (reproductions of 
instantaneous photographs) it will be seen how the Sow of 
water is deflected by this ordinary typo valve, causing 
considerable loss and wear and tear to the valve and seat. 
The makers add that in all cases where the "Gutermuth" 
valve has been installed it has met with the greatest 
success, and that a large number of machines with other 
types of valves have been altered so that the " Guter- 
muth" can be employed, and the machines thus adapted 
to run at a great speed with high efficiency. 




Boiler Feed Purapa.— Fig. 136 illiiBtrfttes the Weir 
tandem-compound feed pump, and fig. 127 a set of Weir 
twin-compouud feed pumps. Helyiug on tbe known 
economy in stea.ui consumption of their standard single 
teed pump, the makers, Messrs. G. and J. Weir Limited, 
of Cathcart, Glasgow, state that they do not ordinarily 
make the tandem- compound type tor pumps of less than 
6 in. diameter hy 15 in. stroke, delivering 2,430 gallons 
per hour. Each pump shown is double-acting, haying 
gun-metal water pistons with ebonite packing rings, and 
water valves of the makers' patent group type, the valves 
being of bronze and the seate ot AdmiraJty gun metal. 
ITie twin-compound pump consists ot two Weir pumps 
arranged, as shown at fig. 127, for compound working, but 
both pumps are also capable of working independently. 
The makers state that — " The arrangement has been foimd 
specially advantageous in electric power stations where 
there is a varying load. In the day time the high- 
presaure pump can be run singly; at night, when more 
power is required, the low-pressure pump can be con- 
nected, and the economy due to the compounding secured 
when the highest power is called for." 

Figs. 128 and 129 illustrate a compound feed pump by 
Messrs. J. P. Hall and Sons Limited, of Peterborough. 
The makera supply the following results obtained trom 
a test of such a pump having 6jin. and 9J in. steam 
cylindars, a 6 J in. double-acting water piston, and a stroke 
of 16 in. 
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The first test is at full speed, viz., 11'6 double strokes 
per minute. 

Second teat ia at three-quarter speed, viz., 10'3 double 
strokes per mioute. 

Third test is at half speed, viz., S'l double strokes per 
minute. 

Taking 1 lb. pressure as equal to a head of 23 ft., the 
steam consumption per horse power per hour in the first 
teat figures out as follows : 

160 X 2'3 X 461-3 , 



33000 
steam oonsumption per horse power per hour, 



: 4-0 



81b. 



Ashley Pumps. — Fig. 130 isa sectional view, represent- 
ing an Ashley pump, ot one type, as made by Messrs. 
Glenfield and'Kennedy Limited, ot Kilmarnock, who give 
the following particulars : " Tlie Ashley pump was 
designed to supersede the old form of bucket and bottom 
valve pump, and to remove, in so doing, two of the most 
serious difficulties experienced in connection with under- 
ground pumping. It is almost invariably the case in this 
class of pumping, notably in wells and boreholes, that the 
pump itself has to be placed at a great depth below the 
surface of the ground, and connected to the engine driving 
it by a corresponding length of pump rod. Moreover, 
in almost all cases when a stoppage occurs the water 
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rises in the pumping shaft to a very considerable height 
(sometimes 200 ft. or 300 ft.) above the level at which 
the pump is fixed, and renders it quite impossible of 
approach from the outside for examination or repair. 
These conditions necessitate the use of a pump so con- 
structed that all its working parts can be drawn up 
through the rising main when it is desired to effect any 
such examination or repair, and the diameter of the 
bucket must, therefore, be a little less than the diameter 
of the rising main through which it has to be drawn to 
the surface of the ground. This limitation, and the 
remote and confined position of the pump, have hitherto 
militated against the production of a pump for under- 
ground work giving anything like such good results and 
so little trouble as the best types of those used for surface 
work. For these latter as much room as may be desired 
can be obtained, and the working parts can be made 
accessible, and of good proportions, with very little 
trouble. The two great difficulties hitherto inseparable 
from the conditions of the problem, but which, we con- 
tend, are entirely removed by the ' Ashley ' pump, are : 
Want of accessibility to the working parts, and slow 
speed. The principal advantages, therefore, that we 
claim are: 1. Perfect accessibility to, and improved 
arrangement of, working parts, resulting in freedom from 
breakdown and expensive repairs. 2. High speed (50 to 
100 per cent faster than that of the ordinary bucket and 
bottom valve pump), quiet running, and great durability. 
The novel parts of the Ashley single-acting pump are two 
only, viz.: (1) The working barrel (WB, fig. 130). (2) 
The bucket (B, Qg, 130), in which are contained all the 
working parts; not only the delivery valves, but also the 
suction valves." 

The particular example illustrated by fig. 130 is what 
the makers term the shrouded type, used in those 
extremely rare cases — principally in sinking operations — 
where it is desired to work on suction. 

Messrs. Glenfield and Kennedy Limited make the 
Ashley pump in many types to meet varying services. 
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and either single or double acting. The diameters of the 
pumps SO far constructed range from 3fin. to 23 in., 
and the strokes from 1 ft. 5 J in. to 4 ft. 6 in. A large 
number have been supplied to various waterworks 
throughout the country. 

The "Hatfield" Hi^rh-speed Pump.— Fig. 131 is an 

illustration of a high-speed reciprocating pump as made 
by Messrs. Merryweather and Sons Limited, of Long 
Acre, London, and known as the " Hatfield " pump. This 
pump is well adapted for direct driving by a high-speed 
motor. The example illustrated at fig. 131 depicts a 
combined pump and electric motor mounted on the one 
bed plate. The pump may also be driven by a petrol 
motor. 

The ** Hatfield " pump has three barrels arranged 
symmetrically around a central crank shaft; each barrel 
has a trunk-type water piston or plunger directly con- 
nected to the crank shaft. The said pistons are of com- 
paratively large diameter and of short stroke ; the pumps 
may be run at a speed as high as 700 revolutions of the 
crank shaft per minute. The valves are of indiarubber, 
and of the circular flap form, such as are employed by 
Messrs. Merryweather for their fire engines. The three 
pump barrels constitute part of a single triangular casting 
in which are also formed the valve chambers. To facilitate 
the starting of the motor a by-pass valve is fitted between 
the suction and delivery passages ; on the opening of such 
valve only a very small load can be imposed on the motor. 
The pump illustrated was supplied to a country estate for 
the domestic water service and for fire protection. The 
pump and its motor form a very compact combination, 
occupying but little space, and being also silent in work- 
ing, through the absence of transmission gears, it can, 
where necessary, be placed in a basement without causing 
annoyance to the occupants of the building. 

Messrs. Merryweather arrange the *' Hatfield " pump in 
various combinations to suit fire and other services. For 
fire boats the pumps driven by petrol or other motors 
may serve not only for the delivery of the required water 
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jets for fire extiuguishino^ purposes, but also as the boat- 
propelling machinery. Thia is an example of hydraulic 
or "jet propulsion," for the boat is propelled by forcing 
water through four or other number of nozzles placed 
fore and aft at the sidea of the boat. 

To obtain raryiug capacities at constant speed tlie 
makers fit the '' Hatfield " pump with a patent irariable- 
stroki: mechanism, comprising a sliding eccentric pro- 




— Diaphr»gm Pump bj 



3o»lg.i 



Tided with internal gearing for adjuaticg the ecoenj 
relatively to the crank shaft to obtain the required sttj 
alteration. For boiler feed and other services the | 
can be arranged bo permit of stroke adjustment ' 
the pump is running. Wlien working at a shorter e' 
the pump is capable of giving a higher delivery. 
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Diaphragm Pumps. — Kiga. 132 and IS.'iare illuatrtilions 
of diaphragm pumps by Messrs. Honig and Mock Limited, 
of 7, Mark Lane, London, E.G. In UieBe pumps, which 
are well adapted for dealing with thick, gritty, or muddy 
water, or for " aemi-fluida " generally, the usual recipro- 
cating piston or plunger is replaced by a diaphragm 
described by the makers as being " made of pure Para 
rubber," and which " will generally last for years." In 
tlie examples illustrated the reciprocation or breathing 
actioD of the diaphragm is effected by means of a hand 
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lever, but diaphragm pumpa may also be driven by power. 
The Buction valve a (fig. 133) is a rubber ball ; the delivery 
valve 6, of oast iron, has its under side recessed as shown 
to receive, and so prevent displacement of, the suction 
valve when the latter is raised from its seat. It will be 
seen that the passage froiTi the suction to the delivery 
aa short as possible. 
14cp 
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Electric and Power Pumps. ^Fig. 134 illiiatratea a 
treble-ram pump by Messrs. Frank Pearn and Co. Ltd., 
of West Gorton, Manchester, driven by an electric motor 






which is mounted at tbo upper end of the pump casing. 
The pump gearing is of oast iron, with machice-cut teeth; 
the motor pinion is ot raw hide to ensure silent rui 
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Fig. 135 represents a horizontal double -acting ram pump 
by the same makers. There is only ooe ram, but as ji 
works in a divided barrel, as shown, the double action is 
obtained. The makers state: "The gearing is of cast 
iron, machin-e moulded, and the countershatt is fitted with 
flywheel and driving and loose pulleys; when the motive 
power is taken from line shaiting running at not more 
than 60 revolutions per minute the gearing ia not neces- 
sary, but when the speed exceeds 60 revolutions per 
minute the gearing as shown in the illustration is 
necessary." 

Fig. 136 is a sectional illustration of Pearu's patent 
method of packing the ran: of a double-acting pump of 
the vertical type well known as the "Cameron." The 
ram A is of the type used in the divided-barrel double- 
acting pump previously referred to, but made much 
shorter, as it works through one stuffing bos only instead 
of two. The sleeve or barrel B is arranged as shown, 
between the lower pump chamber and the upper chajnber 
F. The barrel has a flange attached to it, so that it may 
serve as a gland for the stuffing box C; as such combined 
gland and barrel is guided at its upper end, the makers 
state that it cannot be screwed down unevenly. A joint 
is made at the upper end by the ring D. 

The Manchester Compound Steam Pump. — An 

example of this pump or pumping engine ia illustrated at 
fig. 137. The ram barrels, valve boxes, delivery air 
vessel, and bottom covers of steam cylinders are al! cast 
in one piece, providing a compact and strong combination 
with the working parts very accessible. The valves and 
valve Beats are of gun-metal, each having a separate door 
for access. It is well adapted for boiler feeding and all 
general purposes. 



u 




E 



ca»TniruoAL puups: turbiks puups. 



CHAPTER XVIII. 

Cbntrifuoal Pdmpb : Turbinb PrupB. 

CEhTRiFnQAL pumps bave receiyed much attention during 
the last few years. Tbe improvementH ot Appold, more 
than half & century ago, eBtahlished the position of the 
centrifugal pump as a, moat suitable machine for raising 
large quantities of water against a low head or preasure. 
Modem improvements have made it not only possible, but 
commercially advantageous, to employ centrifugal pumps 
on high lifts up to, and even beyond, 1,000ft. 

The centrifugal pump baa been said to be the converse 
of the turbine water-wheel, and it« development deaorihed 
as analogous to that of the steam turbine, as both were 
pioneers in their respective fields and both were aban- 
doned in favour of reciprocating inacdiines Such abandon- 
ment in the case of the pump was no doubt largely due to 
lack of a, clear appreciation of the principles of its action, 
whilst with the steam turbine constructional difficulties 
required a man with theperaiatence, energy, and abdity of 
Parsons to overcome them. 

The recent advances in centrifugal pump practice have 
been brought about in the main by the neceaeity pressed 
home upon pump makers of producing machines capable ot 
direct connection to an electric motor. The employment 
of toothed gearing is always to be avoided on pump 
service whenever possible, but when a slow-running 
machine, such aa a reciprocating pump, is to be driven 
by a quick-running motor, such as an electric motor, 
speed-reduction gearing is in most cases an absolute 
necessity. In Germany and elsewhere quick-running 
short-stroke reciprocating pumps, styled " espreas pumps," 
have been put forward aa a solution of tbe problem. But 
it is self-evident that && centrifugal pumps and electric 
motors are both rotary machines and require to be run 
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'at high rotative speeds, they are emineDtly adapted to be 
coupled together for direct driving. Hence in this 
country, and also in Switzerland and in America, engineers 
have worked in such a direction rather than in the way of 
providing- for the slow running of an electric motor and 
the quick running of a plunger or reciprocating pump, in 
the endeavour to reconcile mutually antagonistic condi- 

In a reciprocating pump the water is raised to the 
required height or discharged at the required pressure by 
virtue of the imposition thereon in the pump cylinder, 
through the medium of a alow-moving ram or plunger, 
of the necessary intensity of pressure. Thus, if the water 
has to be discharged from the pump at a pressure ot 
2001b. per square inch, it will he necessary to impose a, 
pressure ot that amount per square inch (or a little more) 
upon the ram or plunger. In the eipressive words of the 
old mechanics, we may say that the work is done by a 
lai^e force (or pressure) moving through a. small space or 
distance. 

With a centrifugal pump, the moving part, the fan or 
impeller, imposes very little pressure, but a high velocity 
upon the water. We may say, therefore, that in this case 
the work is accomplished by a small force moving through 
a large space or distance. This method of imparting the 
necessary energy to the water involves the provision in 
the pump of means for the conversion of the velocity 
energy or kinetic energy into pressure energy or potential 
energy, in order that the static head of water or resis- 
tance against which the pumping is effected may be over- 
come. It has been well said that the problem of the 
centrifugal pump designer is to so proportion the parts of 
his pump that it will pick up the water from rest, 
bring it to the high velocity required by the head pumped 
against, and then allow it to come to rest again, and to 
so do this that there shall be very little internal friction or 
loss by leakage or sbp. In the ordinary or low-lift centri- 
fugal pump the conversion ot the velocity energy into 
pressure energy is effected mainly by the arrangement «' 
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the portion of the pump casing surrounding the fan or 
impeller as a volute or spiral chamber, wherein much of 
the velocity of the water is converted into pressure. An 
additional space or chamber, known as the whirlpool 
chamber, is sometimes provided around the volute. 

Every additional foot of head against which a centri- 
fugal pimip has to deliver involves a corresponding 
increase in speed, such increase being governed by the 
relation existing between velocity and head, as repre- 
sented by the formular— 

h being the head in feet, v the velocity in feet per second, 
and g the rate of acceleration due to gravity. It must be 
remembered when applying this formula that the impeller, 
according to the shape of its blades, may impart, or tend 
to impart, a velocity to the water in more than one 
direction, so that in bringing the stream to rest the 
resultant pressure energy will be greater than if it had a 
velocity in one direction only. Thus, with radial blades 
or vanes, h would have just twice its value given by the 
formula. 

As increase of lift means increase of velocity, it is clear 
that a high lift would involve either an excessively high 
rate of rotation or an impeller of very large diameter, if 
the work had to be accomplished with a centrifugal pump 
of the old form, having but one impeller. Hence the 
practice arose of employing a series arrangement of 
pumps, comprising a number of impellers fixed ,on the one 
, shaft, with a separate casing for each and a pipe connec- 
tion between the casings. Thus the water, after leaving 
one pump chamber under the pressure due to the conver- 
sion of the kinetic energy received from the impeller in 
such chamber, flows into the succeeding chamber, where 
it receives a further supply of kinetic energy, which is 
likewise subjected to conversion into pressure energy. It 
follows that the final pressure of the water will be (dis- 
regarding all losses) the pressure due to that obtainable 
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from the i 
impeUera. 

But a series arrangement such as aforcBaid must gener 
ally be wanting in efficiency through the setfing up ii 



impeller, multiplied by the number of 




tho water of eddy currents and intema] commotions or 
ebocka during the numetous oonTersioiis of the energy 
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from one form to the other. Thus there came iuto being 
the high-lift centrifugal, known as the turbine pump, 
in which the series of impellers mounted on the one §hatt 
are arranged in a. single casing, divided internally into a 
number of inter-communicating compartments, whilst dif- 
fusion vanes, guide rings or dises, or their equivalent, are 
employed to divert the water discharged from the impeller 
and reduce its velocity, for the conversion of the same into 
pressure. 

To Messrs. Sulzer Bros., whose principal works are at 
Winterthur, Switzerland, and whose London house is at 
3i, Norfolk, Street, Strand, W.C., engineers are muob 
indei)ted for the active part taken by that Srm in pioneer- 
ing and developing high-lift centrifugal or turbine pumps. 

The first Sulzer high-lift centrifugal pump was exhibited 
Ht the Geneva Exhibition, in the year 1896 ; it had but 
one impeller, waa coupled direct with an electric motor, 
and running at 900 revolutions per minute delivered three 
cubic metres (660 imperJaJ gallons) of water per minute 
against a hwiid of 45 metres (148 ft,). In the following 
year Messrs. Sulzer Bros, supplied to the Geneva Water- 
works a centrifugal pump having two impellers, each 
1,100 mm. diameter (3 ft. 7^ in.), and coupled direot to 4 
1,000 brake horse power eleotrio motor. This pump, 
running at 540 revolutions per minut«, delivera 23*5 cubic 
metres (4,950 imperial gallons) per minute against a head 
of 140 metres (460 ft.). At the city of Milan Waterworks, 
Sulzer high-lift centrifugal pumps, running at 925 revolu- 
tions per minute, deliver six cubic metrea (1,320 imperial 
gallons) per minute against ahead of 52 metres (170ft.). 
For supplying the cooling water during the building of 
the Simplon Tunnel two Suker high-lift centrifugal pumps 
were employed, each of which delivered 4'8 cubic metres 
(1,066 imperial gallons) per minute at a pressure of 22 
atmospheres (3121b.) when running at 1,050 revolutions 
per minute, and required 325 horse power. When coupled 
in series the pumps could produce a pressure of 44 atmo- 
spheres (6251b.) At Kom-Ombo, below Assuan, near the 
first Nile cataract, single impeller pumps, with spiral 
easing and running at 110 revolutions per minute, deliver 
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as much ae 200 cubic metres (44,000 imperial gallons) to 
a height of 224 metree (73 J ft.), requiring 1,250 horse 
power. The efficiency in this case is given as exceeding 
80 per cent. It will be observed, however, that the actual 
horse power represented by the stated duty is 

44000 X 10 X 73-5 ^ gg^ 



33000 

As the horse power required is given as 1,250, the 
efficiency would appear to be 

^^^ X 100 = 78 per cent 



1250 



Fire engines have been built oonsisting of Sulzer high- 
lift centrifugal pumps directly driven by a motor, which 
can be connected, by means of flexible cables and plugs^ 
with the electric supply main. 

In 1898 Messrs. Sulzer Bros, supplied a group of three 
high-lift four-stage pumps, with impellers 500 mm. 
diameter (19 ^^/^^ in.), for the silver mine at Horcajo, in 
Spain. Each pump is capable of forcing 1,000 gallons 
per minute against a head of 500 ft., but they are arranged 
at different levels in the mine, the lowermost delivering 
to the intermediate pump, whilst the latter forces to the 
upper pmnp. By this series arrangement 1,000 gallons 
is raised per minute against a total head of 1,500 ft. 
Still greater heads have been overcome by a similar series 
arrangement of high-lift pumps. But the arrangement 
now more generally adopted for deep-mine service by 
Messrs. Sulzer Bros, consists in placmg the pumps in 
series at the one level ; the head may then be said to be 
overoome in a single lift. The first typical plant of this 
kind was installed at the Victor Mine, at Rauxel, West- 
phalia. The guarantee for the two four-stage high-lift 
pumps, which are placed in series, was for a delivery of 
seven cubic metres (1,540 imperial gallons) per minute 
against a total head of 524 metres (1,720 ft.) at 1,040 
revolutions per minute, each pump requiring 570 brake 
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horse power. The actual horse pover represeotod by (• 
stated figures is 



But as the makere stipulated for 570 horse power for each 
pump, or 1,1+0 horse power for the work to be done by 
both, they evidently calculated on an effioienoy of 70 per 







t m Theoratial output of pump. 

cent for their machines. On official tests the efficiency 
of the pumps proved to be 76 per cent. It is of interest 
also to Qoto that the efficiency of pumping set (pumps and 
motors) was 71J per cent, and the total rfBcienoy of plant 
(steam engines, pumps, and motors, also cable losses), 99 
per cent. 

The single-lift series arrangement of pumps also permits 
of what may be described as pumping in parallel for quan- 
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tity. To accomplish this, each pump haa simply to be set 
(by adjustment of gate valves iu the respective pipes) to 
druw water independently from the sump. It should aleo 



I be 




be observed that instead of employing a separate motor fffT^ 
eaiib pump of a serie* arrangement, the two pumps may- 
be coupled on either side of the motor and tbe delivery 
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pipe of the one pump connected to the suction nozzle of 
the other. 

' Fig. 138 illustrates a six-stage Sulzer high-lift centri- 
fugal pump adapted for belt drive. Fig. 139 represents 
another six^tage pump by the same makers coupled direct 
with a Schuckert asynchronous motor of 225 brake horse 
power normal output, taking current of 1,000 volts and 
oO cycles. The motor has no slip rings, and is provided 
with water-cooled ring bearings. With 206 brake horse 
power, and running at 1,455 revolutions per minute, the 
capacity of the pump is given at 2*52 cubic metres (554 
imperial gallons) per minute against a head of 255 metres 
^837 ft.). The horse power represented by the work done 
amounts to 

554 X 10 X 837 _ ... 
53000 
"This gives an efl&ciency of 

141 



206 



X 100 = 68 per cent. 



For connecting up pump and motor Messrs. Sulzer 
employ an elastic or flexible coupling, one half of which 
is provided with pins while the other has corresponding 
apertures lined with rubber. 

Figs. 140 and 141 are illustrations (which, as witli figs. 
138 and 139, were kindly supplied by the niakeri^) respec- 
tively representing a Sulzer sinking pump and the curves 
showing the results obtained. The pump was built for a 
•delivery of 16 cubic metres (3,520 imperial gallons) per 
minuto to a manometric head of 45 metres (147 ft.), with 
a speed of 1,025 revolutions per minute. At the guaran- 
teed output the efficiency attained is given as 83 per cent, 
and, as shown by the curve, this increased to 84 per cent 
under somewhat different conditions of working. 

Fig. 142 is an illustration showing a 15 horse power 
De Laval steam turbine and centrifugal pump by Messrs. 
Greenwood and Batley Limited, of Albion Works, Leeds; 
iig. 143 is a view with the pump-case cover removed to show 
the interior construction of the pump. The makers state 
15cr 



the De Laval patent centrifugal pumps are laade in stan- 
dard aizes for a very wide range of lifts. For use a* 
boiler-feed pumps they nre made tor working against 




pressures of 250 lb. to 3001b. per squai-e incli. WhiW. 
the pumps are specially designed tor working in combina- 
tion with high-speed steam turbines and electrio motors. 
tbej- are also constructed fur lower speeds suitable for bolt 
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driving or for connection to slow^peed engines or motors. 
Referring to what is described as the special characteristic 
of the De Laval centrifugal pumps, viz., their high speed, 
the makers state that such speed " is greatly in excess of 
anything previously known in connection with centrifugal 
pumps, and is a mechanical problem which has been solved 
partly by an improvement in the construction of the wheel 
(impeller) and packing boxes of the pumps, including their 
lubricating arrangements, and partly by paying the 
greatest attention to the execution of all the movable 
parts. The high rate of speed has enabled the diameter 
of the pump wheel to be reduced, and consequently the 
frictional resistances of the pump have been greatly 
lowered. . The dimensions of the pumps are small, and 
their weight, as compared with their capacity, is low. All 
hearings are self-oiling and entirely separated from the 
packings, thus making it impossible for any oil to get 
into the water. The larger sizes of steam turbine pumps 
have two driving shafts, with one pump coupled to eaoli 
shaft; by connecting the two pumps in parallel a largo 
quantity of water is delivered against a low head, whilst 
by connecting them in series a smaller quantity is 
delivered against a greater head." In one example given 
in the makers' standard lists a speed of 4,000 revolutions 
per minute is specified; this particular pump, driven by 
a 5 brake horse power steam turbine, delivers 90 gallon* 
per minute against a total head of 90 ft. 

As is well known, the pressure in a centrifugal pump 
cannot be increased to a dangerous extent (as may happen 
with some piston pumps), through such a cause as the 
accidental stoppage of the delivery through the closing of 
a gate valve or otherwise. Considering this point with 
regard to the De Laval centrifugal pumps, Messrs. Green- 
w^ood and Batley state : " Should the delivery pipe be 
shut oif during the time the pump is working at full speed, 
the water pressure could not rise beyond the so-called 
' centrifugal pressure,' which, as a rule, is about 25 per 
cent above the ordinary working pressure." 
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Fig. 144: represents a high-lift centrifugal or turbine 
pump (electrically driven), by Messrs. W. H. Allen, Son, 
and Company Limited, of Queen's Engineering Works, Bed- 
ford, who give the following particulars : " The pump illus- 
trated is of the high-lift turbine type, the impellers being 
mounted upon the same spindle and arranged to work in 
series, so that the total lift of the pump is the sum of 
the head generated by each impeller. The pump in ques- 
tion is suitable for a lift of about 30Qft., discharging 
000 to 800 gallons per minute, when running at 1,200 to 
1,400 revolutions per minute. The pump casing is con- 
structed of cast iron and the spindle of nickel steel, the 
impellers and guide vanes being of special high-tension 
bronze. The water, on leaving the guide vanes, is led 
to the eye of the next disc by passages which have been 
carefully arranged so as to cause the water to move with 
as little friction as possible. The last impeller of the 
series delivers its discharge through an annular whirlpool 
chamber or diffuser, from whence it passes into the 
delivery pipes. A balancing piston is fitted, being so 
adjusted as to neutralise the end thrust from the pump, 
and a small ball-tlirust bearing is also provided to take 
up any small unbalanced end-thrust which may arise 
during working. All the bearings of the pump are of the 
self-oiling type, so as to enable the pump to run with the 
minimum of attention. The casing is provided with all 
the necessary accessories in the way of air vents to clear 
the pump of air when starting up. This pump was tested 
at our works at Bedford, and every precaution was taken 
to make the test a true account of the performance of the 
pump. For this and similar work we have recently 
installed two 'Venturi' water meters in our testing 
department, carefully calibrated, which render it possible 
to read the discharge of the pump in gallons per minute 
at any instant directly by means of a mercury gauge. 
The efficiency of the pump was 75 per cent when on a lift 
of about 300 feet. Great care has been taken in the 
design of these pumps to ensure smooth running and to 
eliminate everj^ possil)lc cause of vibration, and with this 
end in view the greatest care has been taken in the balance 
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Fig. 145 
stage turliir 
Limitefl, of 


is a general section of a WorthingtoQ multi- 
e pump by the Worthington Pump Companv 
153. Queen Tictoria Street, Tendon, E.C. 
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The following is from the makers' description: "After 
leaving the suction opening, the water enters the impeller 
through an annular opening of ample area, and, directed 
by the vanes, is discharged at the desired velocity 
at the periphery of the impeller. The velocity 
of the water, which is highest at this poinr, 
is now gradually reduced, by means of diffusion vanes 
designed in such a manner as to convert the velocity 
head of the water into static pressure with the minimum 
frictional loss. If the pump has only one impeller, the 
water, on leaving the diffusion vanes, passes into the dis- 
charge casing and then to the delivery pipe. Fig. 146, 
however, shows a multi-stage pump, and in this case the 
water leaving the diffusion vanes of the first impeller 
passes, in the most direct manner possible, through the 
intermediate casing into the suction opening of the second 
impeller, this operation being repeated as often as js 
necessary to procure the final delivery pressure. Tlie 
turbine pump casing is of the best quality special cast iron 
or cast steel, according to the working pressure required 
The casing in multi-stage pumps is made up of separate 
sections, accurately machined and bolted together, this 
method of construction enabling the pump to be dis- 
mantled in the shortest possible time when any examina- 
tion of the internal parts is necessary. The impellers are 
of special hard phosphor-bronze, carefully machined, and 
polished all over. In order to avoid end-thrust a suitable 
number of holes are drilled through the impeller boss. 
Any further tendency to produce unequal pressure on 
either side of the impeller is entirely eliminated by an 
arrangement adopted in the design of the impeller and 
the diffusion vane's; this arrangement, while simple, is 
perfectly automatic and self-adjusting. The diffusion 
vanes, through which the water passes after leaving the 
impeller, are made of hard phosphor-bronze, machined all 
over, and firmly secured to the pump casing. In order 
to obtain the maximum strength, and to guard against 
corrosion, the shafts in all our turbine pumps are made 
of high-percentage nickel steel, accurately turned and 
polished. Tlie pump bearings in all but the smallest 
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sizes of turbine pumps ar© arranged entirely separate from 
the stufi&ng boxes. This arrangement prevents all chanoa 
of grit or foreign matter entering the bearings. The^ 
bearings are of the * ring-oiled ' type, specially constructed 
for high-speed running.'' 

Upon the question of the speed of a turbine pump and 
the relation of capacity! to head, the Worthington Pump 
Company, after mentioning the limitation of speed neces- 
sary if the water is gritty, in order to prevent too rapid 
wear of the internal parts of the pump, make the follow • 
ing statement : *' It is not possible to fix any hard-and-fast 
rule about the relation of capacity to head, but, generally 
speaking, at ordinary speeds, to obtain the very best 
results with a pump of moderate price, the number of 
gallons per minute should be about equal to the number of 
feet in the total head. To take an example : A pump 
designed to deliver 500 gallons per minute against a head 
of 500 ft. would give an efficiency of not less than 72 per 
cent, while the best efficiency possible with a pump 
designed to deliver 50 gallons against the same head 
would only be about 60 per cent. In the latter case, not 
only would the efficiency be reduced, but the price of such 
a turbine pump would in all probability be more than that 
of the best type of three-throw pump. It goes without 
saying that as the quantity increases so the efficiency will 
increase, and from the two cases cited above it will be 
seen that where the head is greatly in excess^ of the 
quantity a reciprocating pump will most probably give the 
best results. Each case, however, must be considered on 
its merits, and there will be many instances in which the 
lower first cost, economy of space, lower cost of upkeep, 
and the general convenience in arrangement of turbine 
pumps, will give them a distinct preference over the 
reciprocating type." 

Fig. 146 is an illustration of a Worthington twelve-stage 
turbine pump with electric motor, the latter being placed 
between a pair of pump casings, each having six 
impellers. 

Respecting the speed of pumps and the type of electric 
motors for driving same, the Worthington Pump Company 
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say : "In most circumstance® it may be said that motora 
of the alternating-current type are preferable, mainly on 
account of their adaptability to high speeds. Although 
there is no standard speed for turbine pumps, 1,440 to 
1,470 revolutions per minute may be taken as being suit- 
able in most cases for pumps requiring motors above 10 
B.H.P. When the power required is less than 
this a much higher speed may be adopted. Under normal 
conditions the ordinary induction motor is perfectly 
suitable for driving our turbine pumps, owing to the fact 
that the current necessary to start the pump will not 
exceed the full-load current. High-speed direct-current 
motors having been for some time the subject of special 
design by the principal electrical manufacturers, the speeds 
mentioned above as being suitable for alternating-current 
motors may now be adhered to without difficulty when 
direct-current motors are used. When vertical motors 
are supplied, they should be provided where possible with 
a suitable ball- thrust bearing on the motor spindle capable 
of carrying not only the weight of the armature, but also 
of the intermediate shafting and pump impeller." 

Fig. 147 represents a set of centrifugal pumps directly 
driven by a Parsons steam turbine. This plant, con- 
structed by Messrs. C. A. Parsons and Co., of Heaton 
Works, Newcastle-on-Tyne, is capable of dealing with 
1,100 gallons of water per minute at 760 ft. head as 
a normal duty, and 1,170 gallons at 920 ft. head as a 
maximum duty. 

Some years ago Messrs. Mather and Piatt Limited, of 
Salford Ironworks, Manchester, introduced a multiple- 
chamber centrifugal pump, known as the ''Mather- 
Reynolds patent high-lift turbine pump." This pump 
had one or more sets of vanes or impellers, each running 
in its own chamber, but upon a common shaft. With this 
pump the makers state that they ** were able to deliver to 
a height of 150 ft., a result never before obtained with a 
centrifugal pump." With reference to their turbine pumps 
as now made, Messrs. Mather and Piatt give the following 
description : " In the improved type of patent turbine 
pump, a-s now made by us, axial thrust is eliminated; the 
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water entera the revolving' wheel asially, traverses the 
curved internal passages between the vaneSj and is dis- 
chained tan getiti ally at the periphery into a stationary- 
guide ring of Bpe^^iaI coDstruction ; this cotiveya it to the- 
annular chamber in the body oE the pump, where the 
velocity head imparted to the water by the wheel is con- 
verted into pressure head. From this chamber the water 
is finally discharged into the pipe lines, or, if tiie pump 
he a multiple one, into the Becond and subsequent 
chambers. A special feature of this pump is the provision 
of the stationary guide ring mentioned abo^e: this ia 
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fixed concentric with the revolving vanes, and, owing to 
ita design, enables the conversion of velocity into pressure 
head to be carried out in a much more perfect manner 
than is possible in the case of any other centrifugal ptunp ; 
thus, not only is the possible height of lift, but also thi* 
efficiency of the putnp greatly increased. Another point 
ot interest is that with the special design of guid? 
I'BMages in these pumps the water is nowhere forced to 
undergo a sudden change of direction or to meet with « 
sudden difference of cross-section in the passages." 

Figs. 148 and li9 illustrate examples of pumps by 
Messrs. Mather and Piatt Limited, Fig. 148 depicts a two- 
chainher pump, driven by a three-phase induction motor. 
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iMraiBing 3,820 gallons of water par minute agaiiiBt a totul 
Lead of ;iOOft. The motor works at 2,200 yolts and 63 
oyole* per aeoond. The speed oi pumii and motor ia 740 
revolutions per minute. The plaut was supplied to thw 
Montreal Water and Power Company. An official teat gives 
an efficiencj of 708 per cent. A .seoond plant for the same 
company delivers 4,500 gallons per minute apainst the 
same head. In the latter case tlie pump is coupled at on* 
end to an electric motor and at the other end to a steam 
engine. This arrangement involved a much lower speed 
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for the pump — nnuiely. 335 revolutioDS per minute — and 
hence the number of chambers and impellers had to be 
increased fiiom two to six. Fig. H9 shows a single- 
chamber pump, one of three supplied by Mather and Piatt 
to the Newcastle Corporation for lifting water from the 
river Tyne and circulating it through the eondeneera in 
the power station of the electricity works. The pump 
illustrated is for delivering 2,500 gallons per minute 
against 100 ft. to 1 17 ft. head, according to the height of 
the river, when running at 700 revolutions per minute. 
It is driven by a direct-coupled electric motor asaiated by 
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a water turbine actuated by the return water from the 
condensers to the river. 

In another example of a high-lift centrifugal pump by 
Messrs. Mather and Piatt the pump efficiency on test, at 
1,000 gallons per minute against a total head of 320 ft., 
is given at 75 per cent, and the combined efficiency of the 
pump (four-stage) and motor (three-phase) 69'5 per cent. 



CHAPTER XIX. 

The Air-lift System of Pumping. 

For the raising of water from deep wells it has long been 
the practice to employ three-throw or other reciprocating 
pumps, which are fixed in the well within suction distance 
of the water, and operated by an engine or power 
mechanism arranged at the surface. But in what is 
known as the ** air lift '' we have an alternative system, 
and one that is rapidly coming into general use. An 
air-lift plant, so far as the well itself is concerned, con- 
sists merely of two pipes, the larger one for water and 
the smaller for air. The air pipe may be fitted within 
the water pipe or placed alongside of it. Both pipes 
must dip considerably below the surface of the water — 
in fact the dip, or immersion, must exceed height 
through which water has to be raised — and the bottom of 
air pipe enters the water pipe in order that compressed 
air may be forced into the latter. The bottom of the 
water pipe is open. Tlie compressed air passes up through 
the water pipe, carrying with it a quantity of water. 
Under some conditions of working the air and water form 
an emulsion which is discharged with some force through 
the water pipe or rising main. But under more normal 
conditions, when the apparatus is fairly under way, the 
air ascends the rising main in large bubbles, the water 
forming a corresponding series of layers interposed 
between the air bubbles. An American writer has thus 
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described the action : "Air being admitted or forced into 
"the water pipe, a large bubble is formed about the orifice 
of the air pipe which fills the water pipe (i.e., occupies- 
the entire cross section), and forms what may be termed 
a piston of air. The pressure of the air when escaping 
from the air pipe is sufficient to slightly overbalance the 
weight of the column of water in the water pipe, and a 
quantity of water equal to volume of air admitted flowa 
out at the top. The bubble of air immediately begins to 
rise through the water, and as it rises it continues to 
expand, due to the constantly decreasing weight of the 
column of water above it. The expansion of the air, and 
the consequent increase in volume, displaces a correspond- 
ing volume of water at the top, until finally the air reaches 
the outlet, where it escapes, carrying a quantity of water 
in the form of spray. The next bubble reaches the top 
in the same manner, and raises a similar quantity of 
water. These air bubbles form in rapid succession, thus 
dividing the column of water in the water pipe into^ 
alternate layers of air and water, each bubble or piston 
having a layer of water above it. It will be seen that 
after the column of water has once become divided into 
alternate layers of air and water, the air admitted at the 
bottom does not have a solid column of water to sustain 
or balance, consequently the pressure of air may be 
reduced after the pump begins to work properly, and the 
volume of air thus reduced accordingly, which lessens 
the work of the compressor. The pressure of air required 
to operate the pump after it is once started is consider- 
ably less than the pressure of water due to the head, 
while the air pressure required to start the pump ia 
slightly greater than the water pressure corresponding to 
the head, and is generally equal to the water pressure per 
square inch, plus 51b., or air pressure = 0*433 x H + 5, 
where H is the head or height in feet of the column of 
water in the water pipe, measured from the point where 
the air pipe enters the water pipe." 

The first application of the air lift is said to have been 
by one Crockford, in 1846, who employed it for the pur- 
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pose of raising petroleum from Pennsylvania wells, but 
for several years after that there appears to have been 
little or no further application of the principle. 

Messrs. Le Grand and Sutcliffe, of Magdala Works, 
125, Bunhill Row, London, E.G., make an air-lift pump 
■described as "The Multex,'' or multiple-expansion type, 
and of which they furnish the following particulars : " The 
rising main of the ordinary air-lift pump is of equal 
diameter throughout, and experiments have shown that 
layers of air rise in the main alternately with water, and 
as the layer of air rises in the main the pressure above it, 
of course, grows less, at the top the pressure being only 
that of atmosphere. If it can do so the air will expand 
gradually on its way up, imtil at the top the length of 
tube that it occupies will be several times greater than 
that which it occupied at the bottom ; or, in other words, 
much of the energy of the air is absorbed by giving the 
water a rapid motion, which is not required. This point 
has been very carefully studied by Mr. Joseph Price, of 
Messrs. Le Grand and Sutcliffe, who has for a long time 
been investigating the matter, with the result that the 
firm have introduced a form of air-lift pump in which 
the rising main is gradually widened from the bottO!n 
towards the top. By this arrangement it will be seen 
that the air can expand laterally, and the layers of water 
will have only a slightly higher velocity at the top of 
the pipe than at the bottom. The energy expended in 
giving a higher momentum to the water as it rises is thus 
saved." 

The air lift depends very largely for its successful 
operation upon the ratio of depth of air pipe immersion 
to height through which it has to be lifted ; the relative 
areas of rising main and air pipe is also of much import- 
ance. It would appear that about 60 per cent of immer- 
sion to 40 per cent of lift is generally found to give the 
best results, but such figures must not be taken as appli- 
cable in all cases. The immersion may apparently range 
between 55 and 80 per cent. The best ratio of the area 
of the air pipe to water pipe or rising main has been 
g^iven by one writer as alooMt 0*16. 
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Some very interesting and useful information relating 
to air lifts will be found in a paper bv Mr. James Kelly, 
published in Vol. CLXIII. (May, 1906), of "Proceedings 
of the Institution of Civil Engineers." Mr. Kelly's paper 
gives the results of his experience with and tests on such 
pumps at the works of the United Alkali Company 
Limited, at Preesall, Lancaster. The maximum efficiency 
he records is 38 per cent, such efficiency representing the 
ratio between the actual work done in water raised to 
the work indicated in the steam cylinders of the air com- 
pressor. The cited efficiency value was obtained when 
delivering against about 100 ft. head, with a mean air 
pressure of 1101b. per square inch; the delivery was at 
the rate of 636 gallons per minute, with an air consump- 
tion of 307 cubic feet per minute. The indicated horse 
power in steam cylinders of air compressor was 51, and 
the actual horse power in water raised 19*39. Such an 
efficiency is a very good one for an air lift. It will 
appear low when compared with the efficiencies obtainable 
from large triple-expansion pumping engines working 
under favourable conditions, but it must be remembered 
that air lifts are employed where such conditions do not 
prevail. 

The Worthington Pump Co. Ltd. thus express the 
advantages of air lifts : " The submerged parts are sub- 
ject to no wear whatever, and, except for corrosion, are 
practically indestructible even when working in the 
gritty water so fatal to deep well pump pistons. , The 
air compressor and receiver, the only parts needing atten- 
tion, are at the surface, and readily accessible. Our 
experiments have been extensive and systematic, and we 
have determined conclusively that when proper submer- 
gence of the air nozzle can be assured, the yield of a 
well previously fitted with a deep well pump is doubled 
or trebled by the use of the air lift. The sparkle and life 
imparted to the water raised, and the cooling effect of 
the expanding air, make this method peculiarly suitable 
for water works purposes ; while, owing to the absence of 
pump rod and plunger friction and the superior steam 
economy of the flywheel compressor, better duty can be 
IBop 
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obtained than witi the old atyle pump. When warm 
water is to be raised, its heat, instead of being a <Hs- 
ndvantage, is a source of increased economy. A certiiin 
minimum ratio between submergence of the noazle and 
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height of lift is, however, essential to the successful work- 
ing of an ail lift," 

Fig. 150 illustrates an air-lift pumping plant by Messrs. 
C. Isler and Co., of Artesian Works, Bear Lane, South- 



AIR-LIFT STSTBM OF PUMPING. ^43 

wark Street, London, S.E. The set comprises a com- 
bined air lift and surface pumps ran by suction gas, and 
the particular plant illustrated is fixed at Bembridge, 
Isle of Wight. On the right of the drawing is shown 
the suction gas producer, with the filling hopper at the 
top, the starting fan on one side and the gas scrubbers on 
the other side. From the scrubbers the gas goes through 
an expansion box to the engine, the action of the latter 
when at work drawing the gas from the producer in the 
well-known manner. Bolted direct to the side of the 
gas-engine bed is the compressor. This has four single- 
acting cylinders set in the circular casing shown in the 
drawing, the four connecting rods being driven from a 
single crank pin. A solid crank disc, forged on the end 
of the engine shaft, carries this pin so that the air com- 
pressor and gas engine make one combined machine, with 
only two main bearings, the compressor having no bear- 
ing of its own. When starting, the air is released so that 
the compressor runs light. From the compressor the air 
passes through a combined receiver and oil extractor to 
the 'bore hole, and thence down the air-lift pipes to the 
footpiece, where it mixes with the water ; air and water 
together are discharged through the delivery bend into 
the surface tank, where the air instantly separates from 
the water. From this tank the water is drawn by the 
three-throw horizwntal-surface pump, and forced through 
the mains into the reservoir. The surface pump is belt- 
driven from a pulley on the flywheel side of the gas engine. 
The lift to surface by compressed air is about 80 ft., and 
the surface pumps deliver the water 170 ft. higher, making 
250 ft. total lift. The makers give the water supply 
raised as 5,000 gallons per hour, and the cost for fuel 
at under one penny for the 5,000 gallons. Another plant 
on similar lines is fixed at Burnham Beeches Waterworks. 
From the figures for this case the lift to surface is 120 ft., 
and the lift above surface 160 ft., and the plant runs on 
201b. weight of fuel per hour, or a cost of Jd. per 1,000 
gallons raised 300 ft., and over an average of six months' 
working the total cost comes to less than one-third of a 
penny per 1,000 gallons raised the total lift. 
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Shsq-botakt Wraa PiJMpa. 
Fig. 151 is ao estenial view, and fig. 152 a eeotion repre- 
■BUtiag one of the well-known Willcox semi-rotary win<r 
pumpB by MeBsra. W. H. Willcox and Co. Ltd., of 
23, Soutliwark Street, London, S.E. TJie pump illustrat&f 
is of the double-acting type, and consiste, aa will be aeon. 
of a oylindrieal casing containing a. wing carrying the 
delivery valveB, and adapted to be rocked or oscillated 
by the external lever. The lever shown is intended tor 




opL-raiioti by haud, but the spindle on wLich the wing in 
mounted can, if desired, be fitted with a iever adapted t« b.- 
reoiprocated by power. Fig. 153 repreaenta by two .sectional 
views, taken at right angles to each other, the quadruple- 
sioting aemi-rotary wing pump (Abrahamaon's patent) by 
tlie same makers. The pump is described as being " pre- 
cisely aimilar in appearance to the double-acting winp 
pumps, the only change being in the internal mechanism.'' 
The body of the pump is divided into tour chambers 
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nsteed of two, and ia fitted witli two suction valves nt 
the bottom, and two lotontion valves at the top, the clacks 
or valves on the winga being dispensed with The wiiig 
has two channels or ports which mteisect one anothei', 
and place tlie chambers under them alternately in con- 
nection The makora thus describe the action " When 
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tiguous thereto, from wheaco it runs through tlie port 
into the next chamber. Ou moving the wing in the 
opposite direction both chambers are filled in the eajne 
way through the valve iind the port, while the chambers 
on the other side iire emptied by the port and the valve, ^ 
etc." The advantages claimed include high capacity and ^ 
coiupactness. 

Both types of wing pumps may be fitted with ball ( 
other valves to suit varying services. 

Fig. 164 iUugtrntes by two sectional views a pump I: 
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Messrs. Willooi, and described by them as the " Record '" 
ooQvertible double-acting pump. It is adapted to be 




operntod eitlier by a semi-rotary or a rotary movemeDt, 
As shojrn hy tli© ©itcraaY s\«m o.t fig. 155, tlie pump ia 
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fitted with a hand lever, and ia operated by a rocking 
movement of tbe latter. Foi' llio rotary action and power 
driving the lever has simply to be replaced by a belt 
puUey. Although described as a double-acting pump, it 
is actually an example of double delivery with Biogle 
suction. 





Another type of pump by the same makers, and adapted 
for working either by hand or power, is the "Willcos- 
Tumer" patent pump, illnstrated by figs. 156 and 157. 
This pump is described as representative of the makers' 
latest practice, and is but just ready for the market. The 
pistons witb which it ia provided are each operated 
liy a side rod connected, in the example shown, to the 
operating Jiandle or lever. Each piston has two cup 



EJECTORS OR STBAM Jl 

leat]j«rB. placed back to back, ' 
state, "one leather od each piston 
emuring a gwd vacuum and no n\\\ 
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M that," the makers 

1 always forciDg, thus 

'Hie special advan- 




EjECTOBS 

An ejector or steam jet may bo sometimes aiivantageoiiBjy 
employed for the raising of water. Fig. 158 is an illua- 
13-ation of the "Penberthy XL-96 " ejector or steam jet 
pump as made by Messrs. Willcox, -wbilst fig. 169 depicts 
ao eiample of its application. The makers state tJiat, 
whereas the lifting power (suction lift) of an ejector is 
usually spriously affected when the -water has to be 



250 



op PUMPS . 



delivered to a considerable elevation, making it necessary 
to place the ejector very near the water to be raised, they 
are able " to lift water 20 ft. with any eteam pressiire 
above 25 lb., and 26 ft. with presaure at 401b. or over. 
On pressuree above ?0 lb. steam must be throttled to get 




best results on a lift. Besides doing this, we elevt 
50 ft. at 601b, pressure, and 65 to 75 ft. on pressures 
80 to 1001b. by placing the ejector within 12 bo 18i 
of water supply." 
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PATENTS RELATING TO CENTRIFUGAL AND 

TURBINE PUMPS. 



No. 

1446 
8119 

17862 
1723 
2036 
2S03 
6421 

12136 

13833 
15041 
16099 
17505 
19636 
7456 

7915 
8020 
10832 
13677 
15755 
20603 
6166 

8026 

12610 

21376 

5476 

7897 

453 
5294 

6368 

6758 



Year. Name of Patcutee aud Subject Matter. 

1888 L. Vojacek. AiTangeinent of casing, delivery pipe, &c. 
C. L. Hett. Suctiou pipe attachment. 
J. E. Lawrence. Construction of casing. 
H. A. Entwifltle. Construction of suction pipe and blades. 
W. Sayer. Arrangement of blades. 
W. Beaumont. Arrangement of pump. 
A. Brown. Priming arrangement.s, &c. 
E A. Von Schmidt. Construction of suction branch and 

blades. 
A. Ivobbins. Arrangement of l^oaring.s. 
K. Leverkus. Construction of pump wLocl. 
P. Nezeraux. Arrangement of pump. 
J. Martinez-Ancira, Arrangement of pump. 

F. Pelzer. Adjusting outlet of centrifugal pump. 
A. de Brouchero and L. Anspach. Controlling the 

motor driving centrifugal pump. 

U. Anderson. Centrifugal pump for condensing system. 

11. A. Lister and M. Pederson. Anangement of pump. 

J. P. Bayly (J. Edwards). IVott'cting pump casing, &c. 

J. N. Paxinan (J. Welman). Protecting pump casing, &c. 

C. E. A. Rateau. Construction of pump. 

J. A. Wade and J. Cheiry. Priming arrangements. 

J. C. Taite. T. W. Cailton, and 11. M. Deeley. Centri- 
fugal pump used for indicating speeds. 

E. Seitz. Arrangement of pump 

G. M. Capell. Form and airangement of blades. 
J. Mossop. Arrangement of ])ump. 
M. K. Ruble. Arrangement of blades aud outlet orifices. 
Masson, Scott and Co. Ltd. and J. Taylor. Shape of casing 

and blades. 

A. Jiateau. Arrangement of blades and deflecting surfaces. 

C. L. Hett. Making impeller easily removable and pre- 
venting entrance? of air thi'ough the stuffing boxes. 

A. D. Ellis aud W. B. Crichton. Making the parts 
interchangeable. 

C Hcrscher. Form of blades. 
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No. 

7783 
10470 
18065 
19953 
21510 
488 

3723 

13578 

13709 

24430 

1235 

3024 

6155 

12612 

14457 
28751 



14990 

25468 
3351 
454S 

11238 
15968 

17053 
21851 



19030 
19543 
21880 
25988 
26367 
26776 



J) 



3666 1896 
7250 „ 



Tear. Name of Patentee and Subject Matter. 

1893 G. Hanarte. Arrangement of outlet orifice, &c. 
J. A. Wade and J. Cherry. Form of casing and blades. 

E. J. Hawley. Form of protective lining and bearing. 
G. M. Capell. Form and arrangement of blades. 
R. J. Urquhart (P. F. Schmidt). Arrangement of blades. 

1894 K. Seitz and R. P. Park. Protecting the bearings, 

balancing end thrust, &c 

J. and G. Weir. Driving air and circulating pump of con- 
denser, 

O Reynolds Arrangement of pump. 

J. Taylor. Form of blades and of casing. 

W. Mather. Arrangement of pump for well bores. 

J. G Wynne. Automatic control of pump. 

Hon. C. A. Parsons. Turbine-driven centrifugal pumps. 

F. Pelzer. Form of blades. 
P. Hovig. Arranging the pump casing in a water tank 

for excluding air, &c. 

G. Mitchell. Form and arrangement of blades. 
J. G Wynne and E. W. Sargeant. Form and arrangement 

of vanes, &c. 
C G. Pinette. General arrangement of pump. 
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27089 
28401 
28944 
4609 1898 
11892 
14926 
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J. E. Bousfield (La Societe des Procdd^s Desgoflfe et de 



Georges). 
H. Foster and 



Arrangement of vanes and discs. 

A. Beresford. Arrangement of vanes and 



casnig. 



G. M. Capell. 
J. Patterson. 



Form of l>lades or vanes. 
Forming a cutting surface on the blades. 
K. Farkass. Control of pump by height of liquor in the 

delivery tank. 
C. E. Beckman. Devices for taking up wear. 
F. A. Robinson. Adjusting the suction and delivery 

passages. 
J. Bernays. Priming airangements. 
A. F. S2)()oncr (Soc Kmilc Salmson etCie). Controlling 

direct electrically -driven pump. 
E. Crawshaw. Pump for use with chemicals. 
H. Forster. Arrangement of blades. 
C. G. Pinette. Arrangement of pump. 
S. C. Davidson, Shape of blades. 
J. H. and F. Riley. Pump for corrosive liquids. 
H. B. Barlow (Jennings Pump Proprietary). Pump for 

gritty liquids. 
M. R. Ruble. Form of impeller. 
S. C. Davidson. Arrangement of pump. 
S C. Davidson. Supporting the vanes. 
J. G Wynne and E. W. Sargeant. Priming arrangements. 
S. C. Davidson. Arrangement of casing. 
A. AV. and L. "NV. Case. Arrangement of pump. 
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Year. 


27485 
838 


1898 
1899 


1616 
2209 




5452 
6829 


ft 


8030 

8547 

9039 

9658 

15973 

19252 

22194 
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24873 
12298 
16068 


lobo 


18343 


» 


20216 

8440 

12116 


1901 


17247 
18106 
18592 


5> 


20268 
20466 


fl 


21286 
22406 
24944 
10077 
10078 


>♦ 

1902 


18099 
18100 
21821 
24520 


fl 

>f 
f« 
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Name of Patentee and Subject Matter. 

F. Lobnitz. Protecting bearings of the pump. 

£. F. and W Mardh. Construction of pump for raising 
chemicals. 

H. B. Barlow (J. Moore). Liner and casing of pump. 

F. G. Lundwall. Pump in which blades rotate in an air 
vessel. 

S. C. Davidson. Form of blades. 

J. Gwynne and E. W. Sergeant. Pump for dredging and 
like purposes. 

£. E. Marchand. Construction of delivery passage. 

R. P. Park. Pump for dredging purposes. 

H. A Thirion. Priming arrangements. 

I. Smith. Construction of impeller and casing. 

S C. Davidson. Mounting pump casing. 

S. ('. Davidson. Mounting of blades. 

W. L. Wise (Aktiebolaget de Lavals Angturbin). Centri- 
fugal pump driven by a steam turbine. 

S. C. Davidson. Forming blade carrier conical. 

W. A. Granger. Forming delivery pipe tapered. 

E. E. Marchand. Pump for propelling vessel by water 
jets. 

E. Seitz. Arrangement of pump casing and of packing 

rings. 

F. de Mare. Pumps for use with mercury. 

A. Krank. Centrifugal pump driven by a steam turbine. 
W. Wheatley (J. Richards). Forming blades on the 

exterior of the impeller. 
W. and E. Allday (W. Hosken). Pump for muddy water. 
A. C. E. Rateau. Pumps for high itr low pressures. 
C. Higgins (B. A. Smith and A. G. M. Michell). Driving 

a turbine wheel by the deUvery from a centrifugal 

pump. 

G. M. Capell. Coolhig shaft and bearings of pump. 

A. G. Bloxam (Gebriider Sulzer). Varying height of lift 

of multiple centrifugal pumps. 
S. C. Davidson. Construction of casing. 
J. W. Hall. Driving of turbine pumps. 
A. March. Centrifugal pump for use with acida. 
J. D. McRae. Construction of pump. 
J. D. McRae. Arrangement of centrifugal pump in a 

condensing system. 
J. Hedlund. Packings for pump shafts. 
J. Hedlund. Protecting the pump shaft. 
S. C. Davidson. Mounting the pump casing. 
A. Morcom and Bellies and Morcom. Preventing the 

escape of air past the packing of pump shaft. 
Gebriider Sulzer. Preventing access of air to vertical 

axis pumps. 
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No. Year. 

27387 1802 

28367 „ 

533 1903 



4673 
6209 

7479 

9007 

9501 

10257 

12650 
18396 
20147 

20418 

25640 
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26510 
28327 




28732 
89 


1904 


396 


J3 


3104 
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3308 


)) 


3579 


»} 


5704 


>} 


6196 
6707 
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6708 
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6709 
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F. 

P 

E. 
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Name of Patentee and Subject Matter. 

A. C. E. Rateau. Governing pump and regulating dis- 
charge. 

W. and E. Allday (AV. Hosken). Taking up wear of 

impeller and of casing. 
C. H. Jaeger. Designing casing for fitting intermediate 

poi-tions to make a multiple pump. 

H. Jaeger. Varying the area of the delivery channel. 

Janecek. Combined electric motor and centrifugal 

pump. 

Kugel. Impeller and guides of high-pressure pump. 

W. Brooks. Form of impeller of centrifugal pump. 

Andrew. Centrifugal pump for dredging, 
lieaumonts Ltd. and W. and J. W. S. Beaumont. 

Arrangement of pumps and bearings. 
T. Reuter. Arrangement of pump in a condenser system. 
L. Vojacek. Form of impeller of pump. 

B. Jackson. Arrangement of series pumps and balanc- 
ing end thrust. 

K. K F. Hanson. Arrangement for varying delivery 

pressures. 
J. Richards Arranging a continuous channel around 

the impeller. 
R. T. Biiiiiie. Form of impeller of pump. 
H. E. Newton (H. R. Worthiugtou). Balancing and 

preventing leaking 
J. Murrie. Preventing foaming. 
Sulzer Gebriider. Means for fixing parts accurately in 

position. 
Sulzer Gebriider. Guiding water from one set of vanes 

to the next. 

Tylor and Sons and A. P. Domiison Mounting 

l>uiup for eijt'ulating water in internal combustion 



J. 



eugmes. 



L. Vojacek. Arranging suction orifice eccentrically to 

the driving shaft. 
H. E. Newton (H. R. Worthington). Varying discharge 

pressure. 
AVarwick Machinery Co. (General Electiic Co.). Arrang- 
ing a centrifugal pump at the exhaust end of a steam 

turbine 
H E. Newton (H. R. Worthington). Balancing pressures. 
P. M. Justice (E. Wilkinson). Combined centrifugal 

] >ump and steam turbine. 
P. M. Justice (E. Wilkinson). Combuied centrifugal 

))ump and steam turbine. 
P. M Justice (E. AVilkinson). Combined centrifugal 

pump and steam turbine. 
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Tear. 


8855 


1904 


14719 


» 


16397 


a 


16592 


M 


21891 
21891a 




22254 


>» 


24686 
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26418 


}i 


27074 
28736 
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30 


1905 


3180 


>> 


4674 


ii 


7469 


t> 


7911 


it 


7999 


i} 


8452 


it 


8454 


a 


9840 


M 


10104 


» 


10684 


]) 


10981 
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Name of Patentee and Subject Matter. 

E. Hopkinson and A. E. L. Chorlton. Providing a con- 
tinuous flow through the pump and balancing end 
pressures. 
H. E. Newton (H. R. Worthiugton). Preventing leakage 

of water past the pump blades. 
0. Iniray (A. F. Smuldei-s). Centrifugal apparatus for 

separating water from sludge. 
Aktieselakabet Elling Compressor Co. Adjusting the 

guide vanes for efficiency. 
S. U. Davidson. Eccentric arrangement of suction orifice 
S. C. Davidson An-angemeut oi casing and of mlet 

passage. 
Sulzer Gebriider. Arrangement and size of pump discs 

for convenience of building. 
S. M. Lillie. Centrifugal pumps for use in evaporating 

apparatus. 
L. Wilson. Centrifugal pumps for ship steeling and 

propulsion. 
S. C Davidson. Arrangement of inlet passage 
H. E. Newix)n (H. R. Worthiugton). Arrangement of 

pump for use in condensing system. 
J. E Evans-Jackson (Turbine Pump Co.). Shape of 

impelling and fixed blades of pump. 
J. M. Hewitt. Providing diffusing blades between the 

impellers. 
E. G. Harris. Regulating amount of discharge from 

pump, &C. 
H. E. Newton (H. R. Worthiugton). Balancing the 

pressures on the impellers. 
H. E. Newton (H. R AVorthington). Construction of 

multi-stage centrifugal pump for running at high 

speeds. 
H. Ludewig. Arranging a turbine wheel to be driven by 

water delivered from the impeller of a centrifugal pump. 
A. C. E. Rateau. Governing arrangements of centrifugal 

pumps. 
Soc. Anonyme Westinghouse and M. Leblanc. Use of 

centrifugal pump in condensing system. 
Soc. Anonyme Westinghouse and M. Leblanc. Use of 

centrifugal pump in condensing system. 
Tangyes Ltd. and A. H. Yeandle. Arrangement of 

pump casing and blades. 
L. Beaudoin. Form of centrifugal pump for cooling 

liquids. 
S C. Davidson. Position of impeller relating to casing 

and to discharge passage. 
J. Y. Johnson (Jeanesville Iron Works Co.). Balancing 

end thrust on the rotating parts of the pump. 
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No. Year. 
12741 1905 



15176 

15681 
15821 

16384 

16641 

18676 

19470 
20664 

21680 
23923 

25391 
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442 1906 
2790 „ 
3462 



5547 
18005 
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H 
A. 
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Name of Patentee and Subject Matter. 

W. Howarth (Aktiebolaget de Lavals Angturbin". 

Attachment to impeller and casing of pump for use 

with dirty liquids 
E. Newton (H. R. Worthington). MountiDg a 

number of impellers in a common auction passage 

with a common delivery pipe. 

Davey. Form of pump, and balancing arrangement. 

E. Mohring and Cromplon and Co. Priming arrange- 

ment.s. 

S. Lea and J. Degcn. Balancing the impellers 

against longitudinal thrust, &c. 
H. E. Newtou (H. R. Worthington). Form of the 

suction passage. 
0. Kolb. Arrangement of centrifugal pump in a con- 
densing syrftcni. 
H. A. Kunzli. Balancing multi-stage pumps. 
Hathom, Davey and Co. Ltd., and F. G. Heseldin. 

Arrangements for preventing eddy currents in pumps. 
N. K. F. Hanson. Form of centrifugal pump. 
J. T. Rossiter. Devices for facilitating examination and 

repairs. 
SocitSt^ TEclairage Jfclectrique. General arrangement of 

pump. 
C. H. Jaeger. Balancing thrust in centrifugal pumps. 
Gebriider Sulzer. Balancing thrust in centrifugal pumps. 
J. Gwynne and E. W. Sargeant. Double inlet compound 

centrifugal pumps. 
H. Tiitola. General arraDgeiiient of a centrifugal pump. 
C. Wedekind. Arranging pump wheels alternately on 

two parallel shafts. 
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Abrahamson's Patent Pumps, 244. 
Accumulators, Steam, 86. 
Admiralty Pattern Pumps, 52. 
Air in Pump Chamber, 7. 
Air Lift Pumps, 288. 
„ „ ,, Cost of Working, 243. 
,, ,, ., Ratio of Pipe Immer- 

sion to Height of Lift, 
240. 
„ ,, ,, Relation of Air Pres- 
sure to Head, 239. 
Air Pump, 134. 

„ Vessels, 14, 107. 
Allen's Pumps, 188, 184, 228. 
A Ills-Chalmers Co., 186. 
Ancient Centrifugal Pumps, 121. 

,. Mine Pumps, 59. 
Animal Power Pumps, 174. 
Anti-freezing Arrangement, 175. 
Appold's Pumps, 121. 
Aqua-thruster, 94. 
Ashley Pumps, 200. 

B 

Backlash in Pump Gear, 102. 
Bailey's Pumps, 35, 50, 165. 
Balkwil Valve, 55. 
B;uik Pumping Engines, 73, lo3. 
Beam Pumping Engines, 150. 
Be 11-mouth for Suction Pipe, 20. 
Belting for Power Pumps, 103. 
Bembridge, Isler Pump at, 243. 
Birmingham Canal Navigation Engines, 

187. 
Boiler Feed Pumps, 129, 199, 208. 
Boston Waterworks Engine, 187. 
Brass Lining, 23. 

„ Plungers, 22. 



Caliban Ram, 166. 

Cameron Type Pumps, 82, 75, 214. 

Capacity of Turbine Pumps with ReIatiL)n 

to Head, 238. 
Centrifugal Pumps, 121, 215. 
Chain Pumps, 182. 



Charging Connections, l'.>. 

Circulating Pumps, 128. 

Clack ValveP, 26. 

Cortl Consumption, 60, 144, 155, 190. 

Compensating Cylinders, 161. 

Compound Pumps, 48, 62, 68, 147, 150. 

Condensers, 73. 

Convertible Double-Acting Pump, 246. 

Coolganiie Engines, 189. 

Corhss Type Valves, 169, 195. 

Cornish Type Pumps, 63, 73. 

Coui)ling for Electric Motor, 225. 

Crauk Pumps, 39. 

Crock ford Air Pump, 239. 



Davey's Valve Gear, 165. 
DecQjur's Ram, 169. 
Definition of Pump, 1. 
De Laval Pump and Turbines, 225. 
Diaphragm Pumps, 185, 209. 
Diesel Engine, Efficiency of, 190, 191. 
Differential Ram, 77, 79. 149. 
,, Valve Gear, 155. 

Diffusor in Centrifugal Pump, 124. 
Dip Pipes, 15. 
Double- Way Valves, 25. 
„ Beat Valves, 27. 
Drum Pump, 188. 
Drysdale's Pumps, 126. 
Duplex Pumps, 84 40, 66, 69, 158. 
Duty of Pumpln»< Engines, 60, 140, 149, 
155, 186, 187, 190. 



Edwards' Air Pump, 189. 

EflBclency of Pumps, 48, 129, 137, 148, 152, 

171, 186, 187, 190, 221, 223, 225, 228, 237, 

23S. 
Efficiency Thermal, Relative of Steam, 

Gas and Oil Engines, 190. 
Electric Pumps, 113, 128, 212, 219, 228. 

,, Transmission Losses, 149. 
Energy of Suction Columns, 5. 
Errosive Action, 78. 
Kvans' Pumps, 63, 76, 97, 106, 181. 
Express Pumps, 196. 
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Feed Water Heater, 195. 
Fire Pumps, 206. 

„ ,, Electric, 116. 
Flap Valves, 19. 
FInometer, 97. 
Fly-wheel pumps, 39. 
Foot Valves, 19. 
Force Pumps, 178. 

Kraser and Chalmers', Ltd., Valve, 190. 
Friction in Pipes, 10. 



Gear for Power Pumps, 101. 

Geneva Waterworks Pumps, 219. 

Gimson's Pumping Engine, 150. 

Gland Packing, 28, 55. 

Glenfield and Kennedy's Pumps, 189, 200, 

203. 
Green's Pumps, 55. 
Greenwood and Batley's, Ltd., Piimps, 

225. 
Grel Cut*off Valve, 93. 
Gutermuth Valve, 196. 
Qwynne's Pumps, 129. 



H 

Hall and Sons*, Ltd., Pumps, 199. 

Hand Pumps, 174, 209, 244. 

Hatfield High Speed Pump, 206. 

Hathom Davey Pumps, 141, 153, 186, Ibl. 

Hay ward Tyler Pumps, 107. 

Height of Suction Lift, 1, 5. 

High Duty Pumping Engiues, ISO, 187. 

„ Lift Centrifugal Pump, '2l;>. 
Honig and Mocks', Ltd., Pump, 200. 
Horcajo Mine Pumps, 221. 
Horse Power, 175. 
Hot Water Pumping, 6. 
Hydraulic Motor Pumps, 67. 

,, Prepsure Pumps, 7S, 110. 

„ Rams, 163. 

Hydro-Electric Lift System, 110. 



I 



Irrigation Pump, 135. 
Isler Pumps, 242. 



K 

Kom-Ombo Pumps, 219. 



Leather Packing, 23. 

Le Grand & SutcliflFe Air Lift Pump, 240. 

Lift Pump, 175. 

Limit of Suction Lift, 5. 



M 



Manchester Compound Pump, 214. 

Man Power, 175. 

Manual Pumps, 174, 209, 244. 

Massachusetts Pumps, 174. 

Matber and Piatt's, Ltd., Pumps, 285. 

Mather-Reynolds' Pumps, 235. 

Mechanically Operated Valves, 29, 145, 

196. 
Merryweather and Sons', Ltd., Pumps, 

206. 
M ilan Waterworks Pumps, 219. 
Mine Pumps, 59, 110, 118, 153, 200, 203, 

221, 225. 
Montreal Water and Power Co.'8 Pumps, 

237. 
Motors for Turbine Pumps, 238. 
Multiple Valves, 24. 
Mumford's Pumps, 31. 



N 



Newcastle Corporation Pumps, 237. 
Newcomen Pumping Engine, 59. 
Nozzle for Delivery Pipe, 20. 



Packing, 21, 55. 

Parsons' Pumps and Turbines, 235. 

Pearn's Pumps, 53, 63, 75, 81, 105, 182, 

212. 
Penberthy Ejector, 249. 
Pipes, 10, 12, 16. 
Piston or Plimger Speeds, 9, 146 
Plungers, 21. 
Power Pumps, 101, 120, 212. 

,, of Man, 175. 

„ ,, Animals, 175. 
Pressure Pumps, 78, 110. 
Pulsometers, 89. 

Pulsometer Go.'s Pumps, 34, 48, 89. 
Pump Valves, 155. 
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Ram Primps, 17, 21, 63, 6.'., 77, 81, 117, 

142. 
Rams, Hydraulic, 163. 
Reheating, 192. 
Rice and Co.'s Pump, 84. 
Riedler Pumps, 29, 145. 

„ Valves, 196. 
Rosario Waterworks, 186. 
Rotary Pumps, 137. 
Rubber Valves, 25. 



Tests, 88, 48, 57, 100, 114, 143, 147, 162, 

161, lSi6, 187, 190, 199, 237. 
Triple JCxpansion Pumps, 70, 141, 147, 

163, 157, 186, 187, 189, 195. 
Turbine Pumps, 196, 216, 219. 

II 11 Relation of capacity to 

Head, 233. 



u 

United Alkali C(».'s Air Pumps, 241. 



Salvage Pump, 135. 

Savery Pumping Engine, 59. 

„ Type Pumpa, 88. 
Semi-Rotary Pumps, 184, 244. 
Sewage Pump, 161. 
Short Stroking, 41. 
Shrouded Type Pump, 203, 
Simplon Tunnel Pump, 219. 
Single Lift, Series Arningemont, 2*23. 
Sinking Pumpa, 75, 118, 200, 203, 221, i'25. 
Slip, 27, 30, 48, 153. 
Speed of Turbine Pumps, 233. 
Steam Accumulator, 86. 
Steam Consumption, 36, 48, 57, 73, 08, 
114, 143, 147, 152, 161, 186, 187, 190, l'.»9, 
200. 
Steam Gas Engines, 104. 

,, Jacketing, 102. 

„ Valves, 196. 
Strainer, 19, 
Suction Chamber, 4, 18, 107. 

„ Lift, 1, 5. 

,, Pipes, 10, 12, 16. 
Sulzer Bros.' Pumps, 210. 
Superheating, 192. 
Surface Pumping Engines, 73. 



Vacuum Chamber, 4, 18, 107. 

Valves, 24, 146, 166, 196, 196. 

Varying Capacity of Pump, 208. 

Velocity of Water, 10. 

Vertical Pumps, 32, 46, 41), 51, 63, 82, 

106, 112, 142, 180, 200, 212. 
Victor Mine (Westphalia) Pumps, 221. 



w 

Warner's Pumps, 166, 172, 181. 

W liter Valves, 195. 

Waterworks Pumping Engines, 118, 140, 

167, 186. 
Watt's Pumping, 00. 
Weir's Pumps, 34, 44, 199. 
WeU Pumps, 74, 183, 200, 238. 
Whirlpool Chamber, 124. 
Wilge River Engines, 189, 
Willcox and Co.'h, Ltd., Pumps, 244. 
Willcox-Turner Pump, 248. 
Windmill Pumps, 172. 
Work Done in Pumping, 2. 
Worthington Pumps, 34, 42, 53, 68, 111, 

117, 168, 180, 230, 233, 241. 



John Hkvwood Ltd., Excelsior Printing and Bookbinding Works, Manchester. 



Power Pumps. 




All classes, Power and Steam Driven PampsM 
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